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TITLE OF THE INVENTION 
ALKALINE SOLUTION AND MANUFACTURING METHOD, AND 
ALKALINE SOLUTION APPLIED TO PATTERN FORMING METHOD, 
RESIST FILM REMOVING METHOD, SOLUTION APPLICATION 
5 METHOD, SUBSTRATE TREATMENT METHOD, SOLUTION SUPPLY 

METHOD, AND SEMICONDUCTOR DEVICE MANUFACTURING METHOD 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
10 Application No. 2001-143682, filed May 14, 2001, the 

entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

!5 The present invention relates to a manufacturing 

method of an alkaline solution for developing and 
removing a resist film, and the like and the alkaline 
solution, a pattern forming method using the alkaline 
solution, a removing method of a resist film, a 

20 solution application apparatus, a substrate treatment 

method prior to forming the resist film, and a solution 
supplying method of scanning a linear solution supply 
nozzle from one end to the other end of a substrate, 
and supplying the solution onto the substrate from the 

25 solution supply nozzle to form a solution film on the 

substrate. 
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2. Description of the Related Art 

With the miniaturization of semiconductor elements 
and enlargement of a diameter of a substrate, in a 
conventional developing method, generation of a 
5 critical defect resulting from development, variation 

of a pattern size in a substrate surface and chip, and 
the like raise large problems. 

In general, in a semiconductor manufacturing 
process, aqueous solutions such as alkaline tetramethyl 

10 ammonium hydroxide (TMAH) are used as a developing 

solution for a photosensitive resist film. Since the 
developing solution is an aqueous solution, wettability 
is not sufficient with respect to a photosensitive 
resist surface having a hydrophobic property. 

15 Therefore, when a reaction product resulting from 

neutralization is in the vicinity of the resist film 
surface, the developing solution is not easily diffused 
between the reaction product and the photosensitive 
resist surface. As a result, the reaction product 

20 cannot sufficiently be removed by pure water in a 

rinse process, and remains on the substrate and 
disadvantageously produces a defect. 

Moreover, in a pattern disposed in a broad 
dissolution region, the amount of reaction products 

25 present in the vicinity of the pattern is large. 

Therefore, the developing solution is not easily 
diffused between the reaction product and the 
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photosensitive resist film, and a progress of 
development is hindered. Therefore, for the pattern 
disposed in the broad dissolution region, as compared 
with a pattern disposed in a region whose periphery is 
5 hardly dissolved, there is a problem that a line size 

is increased. 

It has previously been possible to solve these 
problems to some degree by using a developing solution 
with a surface-active agent added thereto to enhance 

10 affinity of the photosensitive resist surface for the 

developing solution. However, with the reduction in 
exposure wavelength, it has been necessary to maintain 
transparency/etching resistance of a resin in a short 
wavelength band, and a photosensitive resist material 

15 having a strong interaction between resins has been 

used. Therefore, when the developing solution with the 
surface-active agent added thereto is used, the 
wettability with the photosensitive resist film surface 
can be enhanced only to a certain degree. As a result, 

20 problems occur that defects are generated and a size 

difference is brought in a sparse/dense pattern. 

Additionally, with the size miniaturization of the 
semiconductor element and the enlargement of the 
diameter of the substrate, in the conventional method, 

25 a size variation of the pattern in the substrate 

surface and chip, which is said to result from the 
development, raises a large problem. As a 



countermeasure, a technique of scanning a linear nozzle 
from one end to the other end of the substrate and 
forming a solution film evenly on the whole surface of 
the substrate has been proposed (Jpn. Pat. Appln. KOKAI 
Publication Nos. 10-303103 and 10-189419) . 

In the technique described in the Jpn. Pat. Appln. 
KOKAI Publication Nos. 10-303103 and 10-189419, it is 
disclosed that a gap between a supply position of the 
nozzle and the substrate is 0.3±0.1 mm, a flow rate of 
the developing solution is set to 1.5 L/min., a 
scanning speed of the nozzle is set to 10 to 
500 mm/second and the solution film is formed. 
However, even when the solution film is formed in these 
conditions, the formed solution film thickness is not 
necessarily equal to the gap. Therefore, a size 
difference is disadvantageously produced in a substrate 
plane and chip depending on a subtle flow of the 
solution generated during the application of the 
solution. Concretely, since the formed solution film 
thickness is not equal to the gap, a subtle solution 
flow is generated during the application of the 
solution. When a dissolution region exists upstream of 
a solution flow, the etching speed drops due to an 
influence of reaction products. Conversely, when the 
upstream of solution flow is a non-dissolution region, 
the etching speed rises due to the fresh developing 
solution . 
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As described above, the photosensitive resist 
having a strong interaction between resins has been 
used, the defects are generated, and a size difference 
is disadvantageously produced in the sparse/dense 
5 pattern. 

Moreover, in the technique of scanning a linear 
nozzle from one end to the other end of a substrate and 
forming a solution film evenly on the whole surface of 
the substrate, the size dispersion is disadvantageously 
10 produced in a substrate plane and chip due to the 

subtle solution flow generated during the application 
of the solution. 

BRIEF SUMMARY OF THE INVENTION 

(1) According to one aspect of the present 

15 invention, there is provided a manufacturing method of 

an alkaline solution, comprising: dissolving a gaseous 
molecules in an aqueous alkaline solution and having 
oxidizing properties or reducing properties. 

(2) According to one aspect of the present 

20 invention, there is provided a manufacturing method of 

an alkaline solution, comprising: mixing a solution in 
which a gaseous molecules having oxidizing properties 
or reducing properties is dissolved in a pure water 
with an aqueous alkaline solution to manufacture the 

25 alkaline solution. 

(3) According to one aspect of the present 
invention, there is provided a pattern forming method 
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comprising: a step of coating a substrate with a 
photosensitive resist film; a step of exposing the 
photosensitive resist film; a . step of supplying a 
developing solution in which a gaseous molecules having 
5 oxidizing properties or reducing properties is 

dissolved to the photosensitive resist film, and 
developing the resist film; and a step of supplying a 
cleaning solution to the surface of the substrate, and 
cleaning the substrate. 

10 (4) According to one aspect of the present 

invention, there is provided a removing method of a 
resist film, comprising a step of supplying an alkaline 
remover with a gaseous molecules having oxidizing 
properties or reducing properties dissolved therein to 

15 a substrate in which a pattern of a photosensitive 

resist film is formed on a base material and the resist 
film is used as a mask to subject the base material to 
an etching treatment, and removing the resist film; and 
a step of supplying a cleaning solution onto the 

20 substrate, and cleaning the substrate. 

(5) According to one aspect of the present 
invention, there is provided a solution application 
apparatus comprising: a substrate holding base which 
holds a substrate; a gas dissolution mechanism 

25 including either one of a mechanism in which an 

oxidizing gas is dissolved in an alkaline solution and 
a mechanism in which a reducing gas is dissolved in the 



alkaline solution; an alkaline solution supply nozzle 
which supplies the alkaline solution in which a gaseous 
molecule having oxidizing properties or reducing 
properties is dissolved by the gas dissolution 
mechanism onto a main surface of the substrate: and a 
cleaning supply nozzle which supplies a cleaning 
solution to the substrate main surface. 

(6) According to one aspect of the present 
invention, there is provided a substrate treatment 
method comprising: coating a substrate with a 
photosensitive resist film; exposing the photosensitive 
resist film; supplying a reducing solution to the 
surface of the exposed photosensitive resist film and 
performing a pretreatment; developing the pretreated 
resist film; and supplying a cleaning solution onto the 
substrate, and cleaning the substrate. 

(7) According to one aspect of the present 
invention, there is provided a substrate treatment 
method comprising: coating a substrate with a 
photosensitive resist film; exposing the photosensitive 
resist film; supplying a developing solution to the 
photosensitive resist film, and forming a developing 
solution film; supplying a functional solution having 
oxidizing properties or reducing properties onto the 
substrate with the developing solution film formed 
thereon, and subsequently fluidizing the functional 
solution and the developing solution film; and a 
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process of supplying a cleaning solution to the surface 
of the substrate, and cleaning the substrate. 

(8) According to one aspect of the present 
invention, there is provided a solution supplying 

5 method of scanning a linear solution supply nozzle from 

one end to the other end of a substrate, and supplying 
a solution onto the substrate via the solution supply 
nozzle to form a solution film on the substrate, the 
method comprising: controlling at least one of a supply 

10 amount of a solution nozzle and a scanning speed of the 

solution supply nozzle so that a film thickness d of 
the solution film formed on the substrate is 
substantially equal to a gap H between a supply 
position of the solution supply nozzle and the 

15 substrate. 

(9) According to one aspect of the present 
invention, there is provided a solution supplying 
method of scanning a linear solution supply nozzle from 
one end to the other end of a substrate, and supplying 

20 a solution onto the substrate via the solution supply 

nozzle to form a solution, film on the substrate, the 
method comprising: setting a gap H (mm) between a 
supply position of the solution supply nozzle and the 
substrate to a value obtained by dividing a solution 

25 supply speed Q (^il/sec) from the solution supply nozzle 

by a product of a scanning speed V (mm/sec) of the 
solution supply nozzle and a length L (mm) of a 
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discharge port of the solution supply nozzle. 

(10) According to one aspect of the present 
invention, there is provided a solution supplying 
method of scanning a linear solution supply nozzle from 
5 one end to the other end of a substrate, and supplying 

a solution onto the substrate via the solution supply 
nozzle to form a solution film on the substrate, the 
method comprising: setting a solution supply speed 
Q (nl/sec) to a product of a gap H (mm) between a 

10 supply position of the solution supply nozzle and the 

substrate, a scanning speed V (mm/sec) of the. solution 
supply nozzle, and a length L (mm) of a discharge port 
of the solution supply nozzle. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

15 FIG. 1 is a diagram showing a schematic 

constitution of a developing unit according to a first 
embodiment. 

FIGS. 2A to 2F are process diagrams showing a 
developing process according to the first embodiment. 

20 FIGS. 3A, 3B are explanatory views of an effect of 

use of a developing solution having oxidizing 
properties according to the first embodiment. 

FIGS. 4A to 4F are process diagrams showing the 
developing process according to a second embodiment. 

25 FIGS. 5A, 5B are explanatory views of an effect of 

use of the developing solution having reducing 
properties according to the second embodiment. 
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FIG. 6 is a diagram showing a schematic 
constitution of a resist removing apparatus according 
to a third embodiment. 

FIG. 7 is a diagram showing a schematic 
5 constitution of the developing unit according to a 

fourth embodiment . 

FIGS. 8A to 8G are process diagrams showing a 
developing method according to the fourth embodiment . 

FIG. 9 is a diagram showing a schematic 
10 constitution of the developing unit according to a 

fifth embodiment. 

FIG. 10 is a diagram showing a schematic 
constitution of a solution supply system of the 
developing unit shown in FIG. 9. 
15 FIG. 11 is a flowchart showing the developing 

method according to a fifth embodiment. 

FIGS. 12A to 121 are process diagrams showing the 
developing process according to the fifth embodiment. 

FIG. 13 is a flowchart showing the developing 
2 0 method according to a sixth embodiment. 

FIGS. 14A to 141 are process diagrams showing the 
developing process according to the sixth embodiment. 

FIG. 15 is a flowchart showing a treatment 
procedure of the developing method according to a 
25 seventh embodiment. 

FIGS. 16A to 16E are process diagrams showing the 
developing method according to the seventh embodiment. 



FIGS. 17A to 17C are explanatory views of a method 
of controlling a developing solution film thickness 
formed on a substrate according to the seventh 
embodiment . 

FIG. 18 is a characteristic diagram showing a size 
uniformity of an isolated line in a chip of a time at 
which a gap between a developing solution supply nozzle 
and a substrate is changed. 

FIGS. 19A, 19B are diagrams showing the state of a 
developing solution supplied via the developing 
solution supply nozzle when the developing solution 
supply nozzle passes to a substrate middle from a 
supply start end. 

FIGS. 20A, 20B are diagrams showing the state of 
the developing solution supplied via the developing 
solution supply nozzle when the developing solution 
supply nozzle passes to the developing solution supply 
start end from a substrate middle. 

FIG. 21 is a characteristic diagram showing a 
developing solution supply speed Q (|il/sec) with 
respect to a position of the developing solution supply 
nozzle according to an eighth embodiment - 

FIG. 22 is a characteristic diagram showing a 
nozzle scanning speed V (mm/sec) with respect to the 
position of the developing solution supply nozzle 
according to the eighth embodiment. 
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DETAILED DESCRIPTION OF THE INVENTION 
Embodiments of the present invention will be 
described hereinafter with reference to the drawings . 
(First Embodiment) 

FIG. 1 is a diagram showing a schematic 
constitution of a developing unit according to a first 
embodiment of the present invention . 

In the present unit, as shown in FIG. 1, a fixed 
base 101 onto which a substrate 100 is fixed is 
connected to a rotation mechanism 102 for rotating the 
fixed base 101 and substrate 100. A protective cup 103 
with which the periphery of the substrate 100 is 
covered is disposed in order to prevent a developing 
solution, cleaning solution, and the like on the 
substrate 100 from being scattered during rotation of 
the substrate 100 by the rotation of the rotation 
mechanism 102. 

A developing solution supply nozzle 111 scanned on 
the substrate 100 is disposed. A developing tank 113 
is connected to the developing solution supply nozzle 
111 via a pipe 112. The deaerated developing solution 
is stored in the developing tank 113. The developing 
solution stored in the developing tank 113 is an 
aqueous solution such as alkaline tetramethyl ammonium 
hydroxide (TMAH) . The developing solution has an 
alkali concentration which is not less than 1% and less 
than 4%. 



In the pipe 112, an oxidizing gas dissolution 
mechanism 114 for dissolving oxidizing gases such as 
oxygen and ozone in the deaerated developing solution, 
and a reducing gas dissolution mechanism 115 for 
dissolving reducing gases such as hydrogen in the 
deaerated developing solution are inserted. 

In the oxidizing gas dissolution mechanism 114, 
the deaerated developing solution is passed through an 
oxidizing gas dissolved film 114b into which a gas 
generated in an oxidizing gas generator 114a is 
introduced, and a gaseous molecules are dissolved in 
the developing solution. In the reducing gas 
dissolution mechanism 115, the deaerated developing 
solution is passed through a reducing gas dissolved 
film 115b into which a gas generated in a reducing gas 
generator 115a is introduced, and the gaseous molecules 
are dissolved in the developing solution. Addition- 
ally, the developing solution with the oxidizing gas 
dissolved therein will be hereinafter referred to as an 
oxidizing developing solution, and the developing 
solution with the reducing gas dissolved therein will 
be hereinafter referred to as a reducing developing 
solution. For example, a hollow fiber film of Teflon 
(trademark) is used in the oxidizing gas dissolved film 
114b and reducing gas dissolved film 115fc>. 

Additionally, the oxidizing gas dissolution 
mechanism 114 or the reducing gas dissolution mechanism 



115 may be constituted to pass pure water through the 
dissolved film and dissolved the gaseous molecules, and 
subsequently to mix the developing solution having a 
concentration increased beforehand and generate the 
developing solution, as long as the oxidizing or 
reducing developing solution can be generated. 

The developing solution supply nozzle 111 is 
scanned on the substrate 100 in one direction from the 
outside of the periphery of the substrate 100 by a 
scanning mechanism (not shown) , and moves relatively 
with respect to the substrate 100. A length of the 
developing solution supply nozzle 111 in a direction 
vertical to the scanning direction is greater than the 
diameter of the substrate 100. The developing solution 
supply nozzle 111 is scanned on the substrate 100, the 
developing solution is discharged onto the substrate 
100, and the whole surface of the substrate 100 is 
coated with the developing solution. 

Moreover, a current plate 104 constituted of a 
flat rotary disc having a suction hole in a middle 
thereof, and an elevator mechanism of the current plate 
104 are disposed above the substrate 100. When the 
current plate 104 rotates on the substrate 100, the 
developing solution applied onto substrate 100 is 
agitated. 

Additionally, the developing solution supply 
nozzle 111 is not limited to the above-described 
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embodiment, as long as the developing solution can be 
uniformly supplied onto the substrate. Moreover, the 
agitating mechanism is not limited to the above- 
described embodiment, as long as the mechanism has the 
5 action of agitating the developing solution during the 

developing. 

A cleaning solution supply nozzle 121 for 
discharging a cleaning solution such as pure water 
supplied from a pure water transport line 122 onto the 

10 surface of the substrate 100 is disposed above the 

fixed base 101. 

The developing unit shown in FIG. 1 has both the 
oxidizing gas dissolution mechanism 114 and the 
reducing gas dissolution mechanism 115, but only one of 

15 the mechanisms may be disposed, as circumstances 

demand. Moreover, when the oxidizing gas or the 
reducing gas is inline-supplied, the gas generators 
114a, 115a are unnecessary . 

A developing method of supplying the oxidizing 

20 developing solution as the developing solution to the 

surface of the substrate by the developing unit shown 
in FIG. 1 will next be described with reference to 
FIGS. 2A to 2F. FIGS. 2A to 2F are process diagrams . 
showing a developing process according to the first 

25 embodiment. This developing process is used in a 

manufacturing process of a semiconductor device or a 
liquid crystal display. 
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First, the substrate 100 is coated with an 
ant i-ref lection coating, and chemically amplified 
resist, and a desired pattern is reduced projection 
exposure via a reticle for exposure by a KrF excimer 
5 laser. After the substrate 100 is heat-treated (PEB) , 

the substrate 100 is conveyed to the developing unit, 
and held on the fixed base 101 (FIG. 2A) . 

Subsequently, the developing solution supply 
nozzle 111 is scanned from one end to the other end of 

10 the substrate 100, and the oxidizing developing 

solution is discharged in a curtain form so that a 
developing solution film 201 is formed on the substrate 
100 (FIG. 2B) . A conventional developing solution is 
generated by adding a surfactant to the TMAH. In the 

15 present embodiment, the oxidizing developing solution 

formed by passing the developing solution through the 
oxidizing gas dissolved film 114b with the oxygen gas 
generated in the oxidizing gas generator 114a 
introduced therein is used. 

20 Subsequently, after moving downwards the current 

plate 104 to be above on the substrate 100, the current 
plate 104 is rotated at 3000 rpm and an air current is 
formed above the substrate 100. The developing 
solution film 201 is agitated by the formed air current 

25 (FIG. 2C) . When the developing solution film 201 is 

agitated, concentration unevenness of the developing 
solution due to the reaction products in the developing 



solution film 201 is eliminated. 

After an elapse of developing time in which a 
desired resist pattern is obtained, the substrate 100 
is rotated, dissolved hydrogen water (reducing 
solution) 202 is discharged onto the substrate 100 via 
the cleaning solution supply nozzle 121 and the 
developing is stopped, and the developing solution, 
reaction product, and the like on the substrate 100 are 
rinsed for ten seconds (FIG. 2D) . The dissolved 
hydrogen water is pure water with hydrogen dissolved 
therein . 

When the dissolved hydrogen water is supplied as 
the cleaning solution to the substrate 100, an organic 
particle as the reaction product is reduced, and 
affinity between the organic particle and the resist 
surface is alleviated. When the affinity is 
alleviated, the organic particles are inhibited from 
adhering to the resist surface, and defects are 
inhibited from being generated. 

After the cleaning, the substrate 100 is rotated 
at a high speed, the dissolved hydrogen water 202 on 
the substrate 100 is thrown off by centrifugal force, 
and the substrate 100 surface is dried (FIG. 2E) . 

The developing process of the resist film is ended 
by the above-described treatment, and the substrate 100 
is collected (FIG. 2F) . 

Additionally, the forming method of the developing 



solution film 201 is not limited to the method of 
scanning the developing solution supply nozzle 111 to 
the other end from one end of the substrate and forming 
the solution film. Examples of other methods include a 
method of relatively rotating the developing solution 
supply nozzle 111 and substrate 100 and discharging the 
developing solution to form the developing solution 
film, a method of spraying the developing solution 
uniformly onto the whole surface of the substrate via a 
spray nozzle to form the developing solution film, and 
the like. The method is not limited as long as the 
developing solution film can be formed uniformly on the 
substrate. Moreover, the agitating method of the 
formed developing solution film includes: rotating the 
current plate 104 on the substrate 100 to generate an 
air current. However, examples of the method include: 
a method of rotating the substrate 100, a method of 
vibrating the solution by a vibrator from the outside, 
and the like. Any method may be used as long as the 
method has an action of fluidizing the developing 
solution on the whole substrate surface. 

As the oxidizing developing solution, a solution 
obtained by dissolving oxygen gaseous molecules in the 
developing solution is used. However, when a similar 
effect is produced, not only oxygen but also oxidizing 
gases such as ozone, carbon monoxide, and hydrogen 
peroxide may be used as the gaseous molecules to be 



dissolved. Moreover, pure water with the gaseous 
molecules dissolved therein may be mixed with a 
concentrated developing solution the functional 
developing solution. Additionally, to dissolve the 
gaseous molecules into pure water, deaerated pure water 
is passed through the dissolved film with the gaseous 
molecules introduced therein. 

If the oxidizing developing solution has too high 
an oxidizing ability, it will oxidize and decompose not 
only the reaction product (later described) , but also 
the resist. Consequently, the solution will damage the 
resist. In view of this, the gas should not be 
dissolved at an excessively high concentration in the 
solution. Ozone and hydrogen peroxide, which are 
strong oxidizing gases, should be dissolved at a 
concentration of 100 ppm or less in the oxidizing 
developing solution. On the other hand, oxygen and 
carbon monoixide, which are relatively weak oxidizing 
gases, should be dissolved at the saturation concen- 
tration or a lower concentration. In the present 
embodiment, oxygen is dissolved at a concentration of 
10 ppm in the developing solution. 

Moreover, any one of a reducing solution, 
oxidizing solution, and pure water may t>e used as the 
cleaning solution, as long as a sufficient effect can 
be obtained. Furthermore, when the cleaning effect is 
enhanced, these solutions may be appropriately 
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combined. Particularly , a method of supplying the 
reducing solution onto the substrate and subsequently 
supplying pure water to perform the cleaning is 
preferable. This method further enhances the cleaning 
effect. 

Furthermore, the method preferably includes: 
supplying oxidizing solutions such as ozonated water; 
cleaning the substrate; and continuously cleaning the 
substrate with reducing solutions such as dissolved 
hydrogen water. In this method, organic matter which 
is deposited in a process of replacing the developing 
solution with the cleaning solution and possibly adhere 
to the substrate are decomposed/removed, and therefore 
the cleaning effect is enhanced. 

When the oxidizing developing solution with an 
appropriate amount of oxygen dissolved therein is used 
as the developing solution to perform the developing, 
roughly three actions are obtained during the 
developing. A first action includes oxidization of the 
reaction product generated immediately after the start 
of the developing by the oxygen molecules in the 
developing solution and decomposition of the reaction 
product by the oxidization. A second action includes 
the oxidization of the resist surface in the developing 
solution. A third action includes alleviation of size 
growth by cohesion of the reaction product generated 
during the developing. The above-described three 



actions will be described hereinafter in detail. 

(1) First Action: Oxidization/Decomposition of 
Reaction Product 

An exposed, heat-treated positive photosensitive 
resist film is immersed in the developing solution, an 
exposed portion is dissolved, and an unexposed portion 
is hardly undissolved. When the exposed portion of the 
photosensitive resist film contacts the developing 
solution in the developing process, the dissolution 
starts and simultaneously the reaction product by 
neutralization is generated. The reaction product is 
mixed into in the developing solution, but a part of 
the product is weakly bonded to a resist resin without 
being diffused between resist patterns, and remains 
between the resist patterns. The reaction product 
remaining between the resist patterns coheres, and 
forms an organic particle. In a region in which the 
exposed portion has a large area and a pattern size is 
fine, many organic particles exist, the concentration 
of alkali ions in the developing solution is lowered in 
the vicinity of the particles. As a result, the 
developing speed of the resist pattern locally slows in 
the vicinity of the particles, and the uniformity of 
the size of the resist pattern after the development is 
deteriorated. Moreover, when these organic particles 
adhere to the resist surface and cohere, the particles 
possibly remain as defects on the resist pattern after 
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the development. 

As shown in FIG. 3A, during the development, 
oxygen molecules 144 in a developing solution 142 
collide with reaction products 143 caused by the 
development. It is further considered that the 
reaction products 143 are, to a certain extent to form 
oxide 145, and the oxide 145 is decomposed to form 
decomposed matter 146. A molecular mass of the 
decomposed matter 146 becomes low. Therefore, the 
decomposed matter 146 has a mass sufficiently reduced, 
and is therefore easily diffused in the solution. 
Additionally, in FIG . 3A, reference numeral 140 denotes 
a substrate, 141 denotes a positive photosensitive 
resist film, 141a denotes an exposed portion, and 141b 
denotes an unexposed portion. 

When the oxygen molecules 144 having a sufficient 
concentration exist in the developing solution 142, the 
reaction products 143 are oxidized and decomposed with 
an enhanced ratio. As a result, the diffusion of the 
reaction products 143 into the developing solution 142 
is promoted, and the amount of organic particles 
collecting between the patterns of the resist 141 or in 
the vicinity of the surface of the resist 141 is 
reduced. Moreover, it can be expected that the alkali 
ions in the developing solution 142 are easily diffused 
in a reaction surface of the exposed portion 141a. As 
a result, local drops in the alkali ion concentration 



- 23 - 



of the developing solution are inhibited, and 
developing speed unevenness in the substrate surface 
can be inhibited from being generated. Therefore, as 
shown in FIG. 3B, the uniform pattern of the resist 
film 141 is formed. Moreover, the organic particles 
are oxidized/decomposed, and diffused in the solution. 
Therefore, a probability at which an organic matter 
adhesion defect remaining on the resist pattern after 
the development is generated can remarkably be reduced. 
(2) Second Action: Oxidation of Resist Surface 
During the development, a strong affinity works 
between the molecules on the exposed portion surface of 
the photosensitive resist film and the alkali ions in 
the developing solution. On the other hand, when the 
molecules of the unexposed portion surface of the 
photosensitive resist film and the alkali ions in the 
developing solution approach each other, free energy 
becomes high, and a repulsive force operates. 
Therefore, in a region in which the ratio of the 
exposed portion to the unexposed portion of the resist 
film differs, the affinity received from the resist 
surface by the alkali ions largely differs. As a 
result, the amount of alkali ions reaching the resist 
film surface changes with the ratio of the exposed 
portion to the unexposed portion, and the progress of 
the development also changes. That is, the developing 
speed differs with place on the resist surface. 
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Therefore, the uniformity of the resist pattern size 
after the development in the plane is deteriorated. 
When the oxygen molecules dissolved in the developing 
solution contact the resist surface during the 
5 development, the resist film surface is known to be 

oxidized. In the resist film surface of the unexposed 
portion in which the developing does not progress, the 
side wall of the pattern formed with the progress of 
the developing, and the like, carboxylic acid is 

10 generated by the oxidation by the oxygen molecules. 

The generated carboxylic acid has a relatively strong 
affinity with the alkali ions. Therefore, a difference 
in the affinity between the exposed portion and the 
unexposed portion is alleviated. As a result, a 

15 difference of the developing speed locally generated 

during the developing is reduced, and the uniformity 
within the plane is enhanced. 

Moreover, there is a problem in the developing 
process that the defect is generated by the reaction 

20 product adhering to the resist surface. This is 

because the affinity due to intermolecular interaction 
works between the resist surface and the particle 
surface of the cohering reaction product . The oxygen 
molecules oxidizes the resist surface during the 

25 development, generates carboxylic acid, and changes the 

affinity by the intermolecular interaction in the 
resist surface and the surface of the reaction product 



particle. As a result, the reaction product particles 
possibly forming the defect after the development are 
inhibited from adhering to the resist surface. 
Therefore, by the developing using the oxidizing 
developing solution, the organic matter defect adhering 
to the resist pattern after the development can largely 
be inhibited from being generated in the developing 
process . 

(3) Third Action: Inhibition of Cohesion of 
Reaction Product 

During the development, the generated reaction 
products cohere in the developing solution, and the 
size gradually increases. In the first action, it has 
been described that the generated reaction products are 
oxidized and decomposed by oxygen in the developing 
solution. However, the amount of eluted reaction 
products, and further the number of molecules included 
in each reaction product is large as compared with the 
number of oxygen molecules in the solution. Therefore, 
it is impossible to oxidize and decompose all the 
products- The reaction products remaining un- 
decomposed can be a core of cohesion in the solution. 
When these molecules exist the reaction products in the 
solution start cohering to the core. This cohesion is 
caused because the affinity of the reaction products is 
relatively strong under the environment, that is, 
particularly in the developing solution. That is, the 



molecules constituting the surface of the reaction 
product do not directly exert an interaction on the 
surface molecules of another reaction product present 
in the periphery. The molecules indirectly attract one 
another via the ions and molecules in the developing 
solution in order to further stabilize the state. 
Since the developing solution contains oxygen 
molecules, energy in an interface of the reaction 
product and developing solution can be lowered. 
Therefore, the affinity acting on the reaction products 
apparently is weakened. Even when the molecules as the 
prospective cores of cohesion exist in the solution, 
the probability of the cohesion starting actually from 
the core is sufficiently low as compared with when 
oxygen is not contained in the solution. Therefore, in 
the developing solution containing oxygen, the 
probability of the cohesion by the reaction products is 
reduced. Moreover, even for the reaction products 
starting to cohesion, since the affinity causing the 
cohesion is weakened, the growth speed slows. 
Therefore, the cohesion of the reaction products is 
inhibited. 

Moreover, the difference of the affinity for the 
developing solution between the exposed portion and the 
unexposed portion is alleviated, and further the 
diffusion of the reaction products into the solution is 
promoted. From this action, in the agitating process 



during the development, even when a slight shaking 
force is applied, the agitating can efficiently be 
performed. 

Results of an experiment actually performed by the 
inventor, et al. to check the effectiveness of the 
oxidizing developing solution will be described 
hereinafter. 

The experiment was carried out according to the 
procedure described in the first embodiment. Moreover, 
for reference, the developing by the conventional 
developing solution, and the developing h>y the 
unagitated developing solution were carried out. 

As the oxidizing developing solution, the solution 
manufactured by passing the deaerated developing 
solution through the dissolved film with the oxygen 
gaseous molecules introduced therein was used. 
Additionally, for a developing time, all the developing 
was performed under the same conditions. The results 
are shown in Table 1. 
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Table 1 





Linear 
Width (nm) 


3a 
(nm) 


Number of 
defects 


Conventional 
developing solution 


201.5 


9.2 


245 


Oxidizing 

developing solution 
(without agitating) 


195.3 


6.3 


23 


Oxidizing 

developing solution 
(with agitating) 


192.7 


4.0 


18 



As compared with the developing method using the 
5 conventional developing solution, in the developing 

method using the oxidizing developing solution, the 
value 3a indicating size uniformity is enhanced. 
Furthermore, when the oxidizing developing is used and 
the developing solution is agitated during the 

10 developing, the size uniformity is remarkably enhanced. 

Moreover, after the development, the organic matter 
adhering defect numbers of these samples were measured. 
In the developing method using the conventional 
developing solution, 245 defects were measured in the 

15 whole surface of the substrate. However, when the 

oxidizing developing solution was used, 23 defects were 
found without the agitating process, and 18 defects 
were found with the agitating process. It was possible 
to remarkably reduce the number. From these results, 

20 the effects of the oxidizing developing solution and 

agitating were confirmed. 
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Moreover, when the oxidizing developing solution 
was used to perform the developing, the pattern size 
was found to decrease by about 2 to 3%. When the 
agitating process was further added, the pattern size 
5 was found to decrease by about 5%. The developing time 

for obtaining the desired pattern size was checked- It 
was found that the developing time was reduced to 3/4 
of the conventional developing time during the 
developing performed using the oxidizing developing 

10 solution and that the time was reduced to 2/3 of the 

conventional time with the addition of the agitating 
process. Therefore, when the oxidizing developing 
solution is used to developing process, it is possible 
to shorten the process time and enhance the throughput 

15 in the developing process by 25 to 30%. 

(Second Embodiment) 

The developing method of supplying the reducing 
developing solution as the developing solution to the 
surface of the substrate by the developing unit shown 

20 in FIG. 1 will next be described with reference to 

FIGS. 4A to 4F. FIGS. 4A to 4F are process diagrams 
showing the developing process according to a second 
embodiment . 

First, the substrate is coated with the 

25 anti-reflection coating, and chemically amplified 

resist, and the desired pattern is reduced projection 
exposure via the reticle for exposure by a KrF excimer 
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laser. After the substrate is heat-treated (PEB), the 
substrate is conveyed to the developing unit, and held 
on the fixed base 101 (FIG. 4A) . 

Subsequently, the developing solution supply 
nozzle 111 is scanned from one end to the other end of 
the substrate 100, and the reducing developing solution 
is discharged in a curtain form so that a developing 
solution film 211 is formed on the substrate 100 
(FIG. 4B) . The developing solution generated by adding 
the surface active agent to TMAH has heretofore been 
used. In the present embodiment, the reducing 
developing solution formed by passing the developing 
solution through the reducing gas dissolved film 115fc> 
with the hydrogen gas generated in the reducing gas 
generator 115a introduced therein is used. 

Subsequently, after moving downwards the current 
plate 104 disposed on the substrate 100, the current 
plate 104 is rotated at 3000 rpm and the air current is 
formed on the substrate 100. The developing solution 
film 211 is agitated by the formed air current 
(FIG. 4C) . When the developing solution film 211 is 
agitated, the concentration unevenness of the 
developing solution caused by the reaction product in 
the developing solution film 211 is eliminated. 

After the elapse of the time in which the desired 
pattern is obtained, the substrate 100 is rotated, and 
ozonated water (oxidizing solution) 212 (pure water 



containing ozone) is discharged onto the substrate via 
the cleaning solution supply nozzle for ten seconds 
(FIG. 4D) . The developing solution, reaction products, 
and the like are rinsed with the ozonated water, and 
the developing of the resist film is stopped- Ozonated 
water is a solution in which ozone gas, having 
oxidizing properties is dissolved in pure water. When 
ozonated water is supplied as the cleaning solution to 
the substrate 100, the organic particles remaining in 
the developing solution are oxidized/decomposed, and 
additionally, the resist film surface exposed after the 
development is oxidized. The organic particles are 
prevented from adhering to the resist surface, and the 
defects are inhibited from being generated in the 
resist surface. 

After the cleaning, the substrate 100 is rotated 
at high speed, the ozonated water 212 on the substrate 
100 is thrown off by the centrifugal force, and the 
substrate 100 surface is dried (FIG. 4E) . 

The developing process of the resist is ended by 
the above-described treatment, and the substrate 100 is 
collected (FIG. 4F) . 

Additionally, the forming method of the developing 
solution film 211 is not limited to the method of 
scanning the developing solution supply nozzle 111 to 
the other end from one end of the substrate and forming 
the solution film. Examples of other methods are a 
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method of relatively rotating the developing solution 
supply nozzle 111 and substrate 100 and discharging the 
developing solution via the nozzle 111 to form the 
developing solution film 211, a method of spraying the 
developing solution uniformly onto the whole surface of 
the substrate 100 via the spray nozzle to form the 
developing solution film, and the like. The method is 
not limited as long as the developing solution can be 
uniformly discharged onto the substrate and the film 
can uniformly be formed. Moreover, the agitating 
method of the formed developing solution film includes: 
rotating the current plate on the substrate to generate 
the air current. However, examples of other methods 
are: a method of rotating the substrate, a method of 
vibrating the solution by vibration from the outside, 
and the like. Any method may be used as long as the 
method has the action of fluidizing the developing 
solution on the whole substrate surface. 

As the reducing developing solution, a hydrogen 
molecule dissolved developing solution obtained by 
passing the deaerated developing solution through the 
reducing gas dissolved film with a hydrogen gaseous 
molecule introduced therein and dissolving the hydrogen 
gaseous molecule in the developing solution is used. 
However, when similar effect is produced, not only 
hydrogen but also reducing gases such as H2S, HN02/ and 
H2SO3 may be used as the gaseous molecule to be 



# 
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dissolved. Moreover, instead of passing the developing 
solution through the dissolved film and dissolving the 
molecule, the pure water with the reducing gas 
dissolved therein may be mixed with the developing 
5 solution having the concentration increased beforehand 

to generate the reducing developing solution. 

Moreover, any one of the reducing solution, 
oxidizing solution, and pure water may be used as the 
cleaning solution, as long as sufficient effect can be 

10 obtained. Furthermore, when the cleaning effect is 

enhanced, these solutions may appropriately be 
combined. Particularly, the method of supplying the 
oxidizing solution and subsequently supplying the pure 
water to clean the substrate is preferable. Moreover, 

15 particularly preferable methods are: supplying the 

oxidizing solutions such as the ozonated water onto the 
substrate to clean the substrate; and continuously 
cleaning the substrate with the reducing solutions such 
as the dissolved hydrogen water. 

20 The action of using the reducing developing 

solution to develop the image in the second embodiment 
will be described. 

When the reducing developing solution with the gas 
having reducing properties dissolved at an appropriate 

25 concentration therein is used as the developing 

solution to develop the image, roughly three actions 
are obtained during the development as follows. 



- 34 - 

1. Resist film surface property modification by 
the hydrogen molecules 

2. Promotion of diffusion of the reaction product 
into the developing solution 

5 3. Prevention of re-adhesion of the reaction 

product onto the resist film surface 

These three actions will be described hereinafter 
in detail. 

(1) Resist Surface Property Modification 

10 For the exposed and heat-treated positive 

photosensitive resist film, during the development, the 
affinity between the molecules of the exposed portion 
surface of the resist and the alkali ions in the 
developing solution is different in strength from the 

15 affinity between the molecules of the unexposed portion 

surface of the resist and the alkali ions. Therefore, 
in the region in which the area ratio of the exposed 
portion to the unexposed portion on the resist film to 
be treated differs, the affinity received from the 

20 resist surface by the alkali ions in the developing 

solution largely differs. As a result, the amount of 
the alkali ions flowing into the resist surface changes 
with the area ratio of the exposed portion to the 
unexposed portion, and the progress speed of the 

25 development also changes. That is, the developing 

speed differs with the place on the resist surface to 
be treated. Therefore, the uniformity of the resist 
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pattern size after the development is deteriorated. 

As shown in FIG. 5A, during the development, 
hydrogen molecules 244 dissolved in a developing 
solution 242 have an action of reducing the surface of 
a resist film 241 upon contacting the resist film 241 
surface on a substrate 240. Therefore, the difference 
of the affinity of the developing solution for the 
surface of an exposed portion 241a from the affinity of 
the surface of a reduced resist film 241c of an 
unexposed portion 241b for the developing solution is 
alleviated. As a result, the difference of the 
developing speed locally generated during the 
development is reduced, and the size uniformity after 
the development is enhanced. 

(2) Promotion of Diffusion of Reaction Products 
into Developing Solution 

For the positive resist film, in the developing 
process, the exposed portion is dissolved in the 
developing solution, whereas the unexposed portion has 
a property of being hardly dissolved. This is because 
for the exposed portion of the photosensitive resist, 
the reaction products generated by the neutralization 
with the developing solution are dissolved in the 
developing solution. However, when the area ratio of 
the exposed portion to the unexposed portion on the 
resist differs, the generated amount of the reaction 
products largely differs. For example, with an 



isolated pattern, since a broad exposed portion exists 
in the periphery, the amount of reaction products is 
remarkably large as compared with a line & space (L/S) 
pattern. Since the generated reaction products easily 
remain between the patterns, and are not easily 
diffused in the developing solution, the alkali 
concentration of the developing solution around the 
isolated pattern is low as compared with the alkali 
concentration of the L/S pattern. Therefore, a time 
necessary for forming the desired pattern size differs 
with the pattern. That is, since the time required for 
the development differs with the difference of the 
pattern, a sparse/dense size difference of the resist 
pattern size after the development disadvantageously' 
increases. For the sparse/dense difference, it is 
difficult to completely remove the reaction products 
only by agitating the products in the course of the 
development and improve the size difference. 

As shown in FIG. 5A, when the hydrogen molecules 

244 added to the developing solution are 
reduced/reacted with the reaction products 243 
generated by the neutralization to form a reduced 
matter 245, a surface potential of the reduced matter 

245 changes. Thereby, a repulsive force is generated 
between the reduced matter 245, thus preventing 
cohesion therein, so that the reaction products are 
easily diffused in the developing solution, and the 



development progresses. That is, when the surface 
potential of the reaction products 243 is changed by 
the hydrogen molecules 244, the sparse/dense size 
difference generated by the alkali concentration 
difference of the developing solution 242 can largely 
be reduced, and the uniform pattern of the resist 241 
can be formed as shown in FIG. 5B. 

(3) Alleviation of Cohesion of Reaction Product 
Even when the reaction products generated by the 
developing reaction are once diffused in the developing 
solution, the reaction products later possibly cohere 
by the interaction acting among the reaction products 
in the solution. Therefore, the problem is that the 
cohering reaction products again adhere onto the resist 
and form the defects. 

When the hydrogen molecules are dissolved in the 
developing solution, the hydrogen molecules have an 
effect of modifying the reaction products or the 
surface state of the resist. Thereby, the degree of 
the intermolecular interaction acting among the 
reaction products can be weakened, and the hydrogen 
molecules in the developing solution can inhibit the 
reaction products from cohering. That is, the amount 
of the reaction products again adhering "to the resist 
surface is decreased, and the amount of defects caused 
by the re-adhesion of the cohering reaction products 
onto the resist surface are largely suppressed. 
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Moreover, the difference of the affinity of the 
exposed portion/unexposed portion for the developing 
solution is alleviated. Further from an action of 
promoting the diffusion of the reaction products into 
5 the solution, in the agitating process during the 

development, when only a slight shaking force is 
applied, the solution can efficiently be agitated. 

The results of the experiment actually performed 
by the inventor, et al. will be described hereinafter. 

10 The experiment was carried out according to the 

procedure described in the second embodiment. 
Moreover, for reference, the development by the 
conventional developing solution, and the development 
in which the reducing developing solution was used to 

15 development without agitating the solution during the 

development were carried out. 

As the reducing developing solution, the solution 
obtained by passing the hydrogen gaseous molecules 
through the deaerated developing solution was used. 

20 The results are shown in Table 2. 



Table 2 





CD 
(nm) 


3ct 
(nm) 


Number of 
defects 


Conventional 
developing solution 


201.5 


9.2 


245 


Reducing developing 
solution 

(without agitation) 


194 . 9 


6.9 


86 


Reducing developing 
solution (with 
agitation) 
agitating 


192.2 


4.1 


58 



As compared with the developing method by the 
conventional developing solution, in the developing 
method by the reducing developing solution, the value 
of 3a indicating the size uniformity is enhanced. 
Furthermore, when the reducing development is used and 
the developing solution is agitated during the 
development, the size uniformity is remarkably 
enhanced. Moreover, after the development, the organic 
matter adhering defect numbers of these samples were 
measured. In the developing method by the conventional 
developing solution, 245 defects were measured in the 
whole surface of the substrate. However:, when the 
oxidizing developing solution was used, 86 defects were 
found without the agitating process, and 58 defects 
were found with the agitating process. It was possible 
to reduce the number. 

Moreover, when the reducing developing solution 



was used to perform the development, the pattern size 
was found to decrease by about 2 to 3% . When the 
agitating process was further added, the pattern size 
was found to decrease by about 5%. The developing time 
for obtaining the desired pattern size was checked. It 
was found that the developing time was reduced to 3/4 
of the conventional developing time during the 
development performed using the reducing developing 
solution and that the time was reduced to 2/3 of the 
conventional time with the addition of the agitating 
process. Therefore, when the reducing developing 
solution is used to develop the image, it is possible 
to shorten the process time and enhance the throughput 
in the developing process by 25 to 30%. 
( Third Embodiment ) 

FIG. 6 is a diagram showing a schematic 
constitution of a resist removing apparatus according 
to a third embodiment of the present invention. 

As shown in FIG. 6, the present apparatus includes 
a treatment tank 301 in which an oxidizing remover 302 
described later is stored. When a wafer cassette 300 
with a plurality of substrates stored therein is 
immersed in the oxidizing removing solution 302, the 
resist on the substrate surface is removed. 

The present apparatus further includes an 
oxidizing gas dissolution mechanism 310 for generating 
the oxidizing remover 302 stored in the treatment tank 
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301. The oxidizing gas dissolution mechanism 310 
dissolves the oxidizing gas with respect to the 
deaerated removing solution stored in a removing 
solution tank 304, and generates the oxidizing removing 
5 solution 302. The generated oxidizing removing 

solution is supplied into the treatment tank 301 via a 
removing solution supply nozzle 303. The oxidizing gas 
dissolution mechanism 310 passes the deaerated removing 
solution through the an oxidizing gas dissolved film 

10 312 in which the gas generated by an oxidizing gas 

generator 311 is introduced, and dissolves the gaseous 
molecules in the developing solution. 

In the third embodiment, a high-concentration 
alkaline solution is used as the remover stored in the 

15 remover tank 304. Here, a remover such as aqueous 

tetra methyl ammonium hydroxide (TMAH) solution is 
used. An alkali concentration range is preferably not 
less than 1% and not more than a saturated 
concentration. Moreover, the concentration of oxygen 

20 dissolved in the remover is preferably 10 ppm or more. 

A developing solution in which oxygen molecules 
are dissolved is used as an oxidizing remover. 
Nonetheless, the gas molecules dissolved in the 
solution are not limited to oxygen molecules. 

25 Molecules of any other oxidizing gas, such as ozone, 

carbon monoxide or hydrogen peroxide, may be dissolved 
in the remover if they achieve the same effect as 
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oxygen molecules. A mixture of a high-concentration 
developing solution and pure water containing gas 
molecules dissolved in it may be used as an oxidizing 
remover . 

5 If the oxidizing remover has too high an oxidizing 

ability, it will oxidize the layer onto which it has 
been applied. The remover will damage the layer. 
Hence, the gas should not be dissolved in the remover 
at an excessively high concentration. Ozone and 

10 hydrogen peroxide, which are strong oxidizing gases, 

should be dissolved at a concentration of 100 ppm or 
less in the oxidizing remover. By contrast, oxygen and 
carbon monoxide, which are relatively weak oxidizing 
gases, should be dissolved in the oxidizing remover at 

15 the saturation concentration or a lower concentration. 

Moreover, the present apparatus includes a 
cleaning solution supply nozzle 321 for supplying the 
cleaning solution transported via a cleaning solution 
transport line 322 into the treatment tank 301 after 

20 removing a resist residual from the substrate surface. 

The substrate is coated with the anti-reflection 
coating and chemically amplified resist, and the 
desired pattern is reduced projection exposure via the 
reticle for exposure by a KrF excimer laser. After the 

25 substrate is heat-treated, the resist pattern is formed 

by a developing treatment. Thereafter, the resist 
pattern is used as a mask to etch the pattern. The 
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substrate stored in the wafer cassette 300 is immersed 
in the oxidizing remover 302 in the treatment tank 301, 
and the remaining resist residual is removed. After 
discharging the oxidizing remover 302 from the 
5 treatment tank 301, the pure water is supplied into the 

treatment tank via the cleaning solution supply nozzle 
321, and the substrate in the wafer cassette 300 is 
cleaned. Additionally, after the etching, ashing may- 
be performed, and then the removing process may be 

10 performed. 

In the third embodiment, the pure water is used as 
the cleaning solution after the alkali treatment. 
However, if the cleaning effect is enhanced, the 
oxidizing solutions such as the ozonated water and/or 

15 the reducing solutions such as the dissolved hydrogen 

water may be used as the cleaning solution. 

When the oxidizing remover with oxygen dissolved 
therein is used as the resist remover to remove the 
resist residual, the following action is obtained. 

20 Oxidation/Decomposition/Removing of Resist Film 

after Etching 

The resist residual exists on the substrate after 
the etching. Most part of the resist is dissolved by 
the high-concentration alkaline solution. However, 

25 when the oxygen molecules are dissolved, during the 

removing, the oxygen molecules in the remover collide 
against the resist residual, and are considered to 
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oxidize and decompose the resist residual with a 
certain probability. Since a molecular, mass of the 
decomposed resist residue becomes low. Therefore, the 
decomposed resist residue has a mass sufficiently 
5 reduced, the residue is easily diffused into the 

remover. The probability of generation of organic 
matter adhering defects (resist residue) on the 
substrate after the removing can remarkably be reduced. 
The results of the experiment performed in order 

10 to check the effect of the oxidizing remover by the 

inventor, et al. will be described hereinafter. 

After the etching on conditions shown in the 
following table, the removing treatment was performed. 
The substrate was immersed in the alkaline solution for 

15 a predetermined time, rinsed with a ultrapure water, 

and dried, and a removing state was observed by an 
electron microscope. The results are shown in Table 3. 

Table 3 

20 



Developing 
solution 


Addition 


removing 
condition 


removing 
state 


Type 


Cone. 


Type 


Cone. 


Temp. 


Time 


TMAH 


2% 


None 


0 ppm 


40°C 


5 min. 


A 


TMAH 


2% 


None 


0 ppm 


40°C 


5 min. 


O ! 


TMAH 


2% 


Oxygen 


20 ppm 


40°C 


5 min. 


© 



A: almost remaining 
O: partially remaining 
©: completely removed 



25 



From the above, it is seen that the resist 
residual removed by the remover obtained by dissolving 



oxygen as the oxidizing gas in the high-concentration 
alkaline solution can sufficiently be removed. 

Additionally , the gas to be dissolved in the 
remover is not limited to the oxidizing gas. For 
example, the reducing gas may be used as long as the 
similar effect is obtained as a result. For example, 
when the hydrogen molecules are dissolved, the 
concentration is preferably about 1 PPM. 

Additionally, when the resist residual is removed, 
the method is not limited to the above-described 
immersing method. A treatment of supplying the remover 
onto the substrate via the solution supply nozzle (a 
spray nozzle or a straight nozzle) , and supplying the 
solution via a rinse nozzle after the treatment may be 
used. Moreover, during the treatment, a heating 
treatment, or a agitating treatment by an ultrasonic 
wave, or the like may be carried out. 

( Fourth Embodiment ) 

FIG. 7 is a diagram showing the schematic 
constitution of the developing unit according to a 
fourth embodiment of the present invention. 

As shown in FIG. 7, the developing unit includes 
the fixed base 101 onto which the substrate 100 is 
fixed, the rotation mechanism 102 for rotating the 
fixed base 101 and substrate 100, a solution supply 
nozzle 411 for discharging the dissolved hydrogen water 
and developing solution, and a driving mechanism for 



scanning the solution supply nozzle 411 onto the 
substrate 100. Furthermore, the developing unit 
includes the current plate 104 disposed as a agitating 
mechanism for agitating the developing solution on the 
substrate during the development above the substrate, 
and an elevator mechanism of the current plate 104. 
Additionally, the developing unit includes a cleaning 
solution supply nozzle 421, disposed above the 
substrate 100, for supplying the cleaning solution 
transported via a cleaning solution transport line 422 
onto the substrate 100 surface. 

The solution supply nozzle 411 has a plurality of 
independent supply ports, and discharges the dissolved 
hydrogen water and developing solution independently 
via the respective supply ports. Moreover, during the 
discharging of the solution, the solution supply nozzle 
411 scans in one direction from the outside of the 
periphery of the substrate 100 onto the substrate 100 
and discharges the solution. The current plate 104 of 
the agitating mechanism is a flat rotary disc having a 
suction hole in the middle thereof. The solution 
supply nozzle 411 is not limited to the above-described 
embodiment, as long as the solution can be uniformly 
supplied onto the substrate. Moreover, the agitating 
mechanism is not limited to the above-described 
embodiment, as long as the mechanism has an action of 
agitating the developing solution. Moreover, when 
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uniform development is sufficiently performed, the 
agitating mechanism is not needed. 

The developing method in which the developing unit 
is used will next be described with reference to 
5 FIGS. 8A to 8G. FIGS. 8A to 8G are process diagrams 

showing the developing method according to the fourth 
embodiment . 

The substrate 100 is coated with the 
anti-reflection coating, and chemical amplified resist, 

10 and the desired pattern is reduced projection exposure 

via the reticle for exposure by a KrF excimer laser. 
After the substrate 100 is heat-treated (PEB), the 
substrate is conveyed to the developing unit, and held 
on the fixed base 101 (FIG. 8A) . 

15 In the conventional method, the development has 

heretofore been performed, in general, by subsequently 
discharging the developing solution directly onto the 
substrate to start the development, or discharging and 
throwing off the pure water by low-speed rotation to 

20 form a thin water layer on the substrate surface, 

wetting the substrate beforehand and enhancing the 
apparent wettability of the substrate surface to the 
developing solution, and subsequently discharging the 
developing solution onto the substrate. 

25 In the fourth embodiment, the solution supply 

nozzle 411 is scanned on the substrate 100 in one 
direction from the outside of the periphery of the 



9 
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substrate 100, and about 1 ppm of the dissolved 
hydrogen water is discharged via the nozzle so that a 
dissolved hydrogen water film 431 is formed on the 
substrate 100 surface (FIG. 8B) . The whole surface of 
the substrate 100 is exposed to the solution film of 
the dissolved hydrogen water 431 for five to 30 seconds 
and only the resist surface is reduced. Additionally, 
the dissolved hydrogen water is a solution obtained by 
dissolving hydrogen in the pure water. 

Subsequently, after an elapse of five to 
30 seconds after the dissolved hydrogen water film 431 
is formed, the substrate 100 is rotated at 2000 rpm, 
and the dissolved hydrogen water film 431 formed on the 
substrate 100 is thrown off and removed ( FIG. 8C) . 

Subsequently, the solution supply nozzle is 
scanned from one end to the other end of the substrate, 
and the developing solution is discharged via the 
nozzle 411, so that a solution film of the developing 
solution 432 is formed on the 100 (FIG. 8D) . 

After the elapse of the time in which the desired 
pattern is obtained, the ultrapure water is discharged 
as a cleaning solution 433 onto the substrate 100 via 
the cleaning solution supply nozzle 421 for ten seconds 
(FIG. 8E) . The developing solution, dissolved 
products, and the like are rinsed with the ultrapure 
water, and the developing of the resist film is 
stopped. 
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Subsequently, after the cleaning, the substrate is 
rotated at the high speed, the cleaning solution 433 is 
thrown off, and the substrate 100 surface is dried 
(FIG. 8F) . 

5 As described above, the developing process is 

ended, and the substrate is collected (FIG. 8G) . 

Moreover, the ultrapure water is used as the 
cleaning solution in the fourth embodiment. However, 
any one of the reducing solution, oxidizing solution, 

10 and pure water may be used, as long as the sufficient 

effect can be obtained. Furthermore, when the cleaning 
effect is enhanced, these solutions may appropriately 
be combined. As particularly preferable methods, there 
are a method of supplying the reducing solution and 

15 subsequently supplying the pure water to perform the 

cleaning, a method of supplying the oxidizing solution 
such as the ozonated water to clean the substrate and 
continuously cleaning the substrate with the reducing 
solution such as the dissolved hydrogen water, and the 

20 like. 

An action of the pretreatment using the reducing 
solution will need be described. 

For the exposed and heat-treated positive 
photosensitive resist, during the development, the 
25 affinity between the molecules of the exposed portion 

surface of the resist and the alkali ions in the 
developing solution is different in strength from the 
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affinity between the molecules of the unexposed portion 
surface of the resist and the alkali ions in the 
developing solution. When the surface of the resist is 
treated by the dissolved hydrogen water before the 
development, carboxylic acid present in the exposed 
portion on the resist surface is reduced and changed to 
a hydroxyl group, and the affinity for the pure water 
and developing solution drops. Thereby, the difference 
of the affinity for the developing solution between the 
exposed portion surface and the unexposed portion 
surface can be alleviated. Usually, in a local region 
in which the exposed and unexposed portions are densely 
mixed, in accordance with the area ratio of the 
exposed portion/unexposed portion, the affinity 
received by the alkali ions in the developing solution 
also differs, and the difference of the developing 
speed is generated during the development. Since the 
development pretreatment by the dissolved hydrogen 
water is performed, the difference of the affinity in 
the local region is eliminated. As a result, the 
developing speed becomes substantially constant 
irrespective of pattern constitutions by the place such 
as the area ratio of the exposed portion/unexposed 
portion on the substrate. Therefore, the size 
uniformity after the development is enhanced. Even 
when the developing method by the hydrogen molecule 
dissolved developing solution described in the second 
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embodiment is used, a similar effect is obtained. 
However, the development pretreatment does not proceed 
simultaneously with the development. Since the 
treatment is performed beforehand, the effect of 
5 surface property modification is particularly focused. 

In actual fact, in the development pretreatment using 
the dissolved hydrogen water, rather than the action of 
hydrogen during the development by the hydrogen 
molecule dissolved developing solution, the effect of 

10 the resist surface property modification remarkably 

appears, and the effect of alleviation of the 
difference of the affinity sensed by the alkali ions in 
the developing solution from the unexposed portion 
becomes more remarkable. For measurement of a contact 

15 angle, when the dissolved hydrogen water having a 

concentration of 1 PPM is exposed to the resist surface 
for 15 seconds, the contact angles of the exposed 
portion and unexposed portion to the developing 
solution are substantially equal. 

20 Additionally, after the pretreatment using the 

dissolved hydrogen water, the substrate ±s rotated at 
2000 RPM, and the dissolved hydrogen water film is 
removed. However, the film is not completely removed, 
the solution film of the dissolved hydrogen water is 

25 slightly left on the substrate, and continuously the 

developing solution film is formed on the dissolved 
hydrogen water film. Thereby, the dissolved hydrogen 
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water and developing solution can be mixed on the 
substrate. In addition to the effect of the fourth 
embodiment, the effect described in the second 
embodiment is also obtained. 

The result of an experiment actually performed by 
the inventor et al . in which the reducing solution is 
used to perform the pretreatment will be described 
hereinafter . 

The experiment was carried out according to the 
procedure described in the fourth embodiment. Changes 
of size dispersions of the resist pattern (0.15 |imL/S) 
in the substrate surface with respect to a dissolved 
hydrogen water treatment time are shown in Table 4. 

Table 4 





Linear width 
(nm) 


3a (nm) 


Without dissolved 
hydrogen water 
pretreatment 


202.1 


9.2 


With dissolved 
hydrogen water 
pretreatment 


198.4 


4.8 



When the dissolved hydrogen water pretreatment is 
performed, the size dispersion is clearly reduced, and 
the uniformity of the size, that is, the uniformity of 
development is enhanced. 

In the fourth embodiment, the dissolved hydrogen 
water is used as the solution having reducing 
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properties. However, the solution is not limited to 
the dissolved hydrogen water, as long as the solution 
has a reducing action. For example, it is considered 
that the aqueous solution containing H2S, HNO3, H 2 so 3' 
and the like, the hydrogen peroxide water, and the like 
have a similar effect. 

(Fifth Embodiment) 

FIG. 9 is a diagram showing the schematic 
constitution of the developing unit according to a 
fifth embodiment of the present invention. Addition- 
ally, in FIG. 9, the same components as those of FIG. 1 
are denoted with the same reference numerals, and a 
detailed description is omitted. 

As shown in FIG. 9, the developing unit includes a 
developing solution supply nozzle 511 for supplying the 
developing solution to the substrate 100, a solution 
supply nozzle 512 for supplying a solution described 
later, and a driving mechanism (not shown) for scanning 
the developing solution supply nozzle 511 and solution 
supply nozzle 512. 

During the discharging of the developing solution, 
the developing solution supply nozzle 511 scans in one 
direction from the outside of the periphery of the 
substrate 100 over the substrate, and thereby supplies 
the developing solution to the whole surface of the 
substrate 100. Moreover, during the discharging of the 
solution, the solution supply nozzle 512 scans in one 
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direction from the outside of the periphery of the 
substrate 100 over the substrate, and thereby supplies 
the solution to the whole surface of the substrate 100. 

The constitution of a solution supply system for 
supplying the solution to the developing solution 
supply nozzle 511, solution supply nozzle 512, and 
cleaning solution supply nozzle 121 will next be 
described with reference to FIG. 10. FIG. 10 is a 
diagram showing the schematic constitution of the 
solution supply system of the developing unit shown in 
FIG. 9. 

The developing solution can be directly supplied 
to the developing solution supply nozzle 511 from a 
developing solution supply tank 531. The pure water 
supplied from a pure water source 532 is supplied to 
the solution supply nozzle 512 directly, or via an 
oxidizing gas dissolution mechanism 540 or a reducing 
gas dissolution mechanism 550. The oxidizing gas 
dissolution mechanism 540 introduces the oxidizing gas 
generated by an oxidizing gas generator 541 into an 
oxidizing gas dissolved film 542, passes the pure water 
through the oxidizing gas dissolved film 542, and 
dissolves the oxidizing gas in the pure water. 
Moreover, the reducing gas dissolution mechanism 550 
introduces the reducing gas generated by a reducing gas 
generator 551 into a reducing gas dissolved film 552, 
passes the pure water through the reducing gas 



dissolved film, and dissolves the reducing gas in the 
pure water. 

Additionally, in the solution supply system shown 
in FIG. 10, the constitution includes two mechanisms, 
that is, the oxidizing gas dissolution mechanism 540 
and reducing gas dissolution mechanism 550, but only 
one mechanism may be disposed where necessary. 
Moreover, when the gas can be in-line supplied, the gas 
generators 541, 551 are unnecessary. 

The substrate is coated with the anti-reflection 
coating, and chemically amplified resist, and the 
desired pattern is reduced projection exposure via the 
reticle for exposure by a KrF excimer laser. After the 
substrate is heat-treated, the development is performed 
in a sequence shown in a flowchart of FIG. 11. 
Moreover, FIGS. 12A to 121 show process diagrams. 
FIG. 11 is a flowchart showing the developing method 
according to the fifth embodiment of the present 
invention. FIGS. 12A to 121 are process diagrams 
showing the developing process according to the fifth 
embodiment of the present invention. 

The developing method of the fifth embodiment will 
be described in order with reference to the flowchart 
of FIG. 11 and process diagrams of FIGS. 12A to 121. 

(Conveying and Holding of Substrate: Step S501) 

The substrate 100 is conveyed into the developing 
unit, and held onto the fixed base 101 (FIG. 12A) . 
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(Pretreatment Step: Step S502) 

Subsequently, the cleaning solution supply nozzle 
121 discharges ozonated water as the oxidizing solution 
to form the solution film of ozonated water 561 on the 
substrate (FIG. 12B) . The ozonated water 561 is 
generated by passing the pure water through the 
oxidizing gas dissolved film 542 in which ozone 
generated by the oxidizing gas generator 541 is 
introduced. Thereafter, the substrate 100 is rotated, 
the ozonated water 561 is thrown off, and the substrate 
100 surface is dried (FIG. 12C) . 

(Developing Solution Film Forming Step: Step S503) 

Subsequently, the developing solution supply 
nozzle 511 is scanned from one end to the other end of 
the substrate 100, the developing solution is 
discharged in a curtain form, and a developing solution 
film 562 is formed on the substrate 100 (FIG. 12D) . 

(Solution Supply Step: Step S504) 

Subsequently, the solution supply nozzle 512 is 
scanned from one end to the other end of the substrate, 
the ozonated water as the oxidizing solution is 
discharged in a curtain form, and an ozonated water 
film 563 is formed on the developing solution film 562 
(FIG. 12E) . 

(agitating Step: Step S505) 

After the current plate 104 on the substrate is 
moved downwards, the current plate 104 is rotated to 



form an air current on the substrate 100 surface, and 
the developing solution film 562 and ozonated water 
film 563 are agitated by the air current (FIG. 12F) . 
By the agitating, the developing solution film 562 and 
ozonated water film 563 formed on the substrate 100 are 
sufficiently mixed, and the concentration unevenness of 
the developing solution caused by the reaction products 
in the developing solution film 562 is removed. 
(Cleaning Step: Step S506) 

After an elapse of time for obtaining the desired 
pattern, the substrate 100 is rotated and the cleaning 
solution supply nozzle 121 discharges the dissolved 
hydrogen water as the reducing solution onto the 
substrate 100. The dissolved hydrogen water washes 
away the developing solution, reaction products, and 
the like, and the development is stopped (FIG. 12G) . 

(Drying Step: Step S507) 

After the cleaning, the rotation mechanism 102 
rotates the substrate 100 at the high speed (FIG. 12H) , 
and the substrate is dried (FIG. 121). 

(Convey out Substrate: Step S508) 

As described above, the developing steps end, and 
the substrate 100 is collected. 

Additionally, the forming method of the developing 
solution film or the ozonated water film is not limited 
to the method of scanning the linear developing 
solution supply nozzle from one end to the other end of 
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the substrate and forming the solution film. Examples 
of the method include a method of relatively rotating 
the linear nozzle with respect to the substrate on the 
substrate and discharging the solution to form the 
solution film, a method of spraying the solution 
uniformly onto the whole surface of the substrate via 
the spray nozzle to form the solution film, and the 
like. The method is not limited as long as the 
solution film can uniformly be formed on the substrate. 
Moreover, examples of the agitating, method of the 
formed solution film include a method of rotating the 
substrate, a method of vibrating the solution by a 
vibrator from the outside, and the like. Any method 
may be used as long as the method has the action of 
fluidizing the developing solution on the whole 
substrate surface . 

In the pretreatment step and solution supply step, 
the ozonated water obtained by passing ozone gaseous 
molecules through the dissolved film and dissolving the 
molecules in pure water is used as the oxidizing 
solution. However, as long as a similar effect is 
produced, the gaseous molecules to be dissolved are not 
limited to ozone, and oxidizing gases such as oxygen, 
carbon monoxide, and hydrogen peroxide may be used. 

In the present embodiment, the oxidizing solution 
and the developing solution are applied to the 
substrate and are agitated together on the substrate, 



thereby forming a film of oxidizing developing 
solution. If the film, thus formed, has too high an 
oxidizing ability, it will oxidize and decompose not 
only the reaction product (later described) , but also 
the resist. The film will be inevitably damage the 
resist. In view of this, the gas should not be 
dissolved in the solution at an excessively high 
concentration. Ozone and hydrogen peroxide, which are 
strong oxidizing gases, should be dissolved at a 
concentration of 100 ppm or less in the oxidizing 
developing solution. On the other hand, oxygen and 
carbon monoixide, which are relatively weak oxidizing 
gases, should be dissolved at the saturation 
concentration or a lower concentration. In this 
embodiment, oxygen is dissolved at a concentration of 
10 ppm in the developing solution. 

Moreover, as the reducing solution in the cleaning 
step, the dissolved hydrogen water obtained by passing 
hydrogen gaseous molecules through the dissolved film 
and dissolving the molecules in pure water is used. 
However, when the similar effect is produced, not only 
hydrogen but also the reducing gases such as H2S, HNO3, 
and H2SO3 may be used as the gaseous molecules to be 
dissolved. Moreover, after supplying the reducing 
solution, to enhance the cleaning effect, the pure 
water may be supplied to clean the substrate. 
Moreover, before supplying the reducing solution, to 
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enhance the cleaning effect, the oxidizing solutions 
such as the ozonated water may be supplied. As the 
cleaning solution, the combination of the reducing 
solution, oxidizing solution, and pure water can 
5 appropriately be selected, if the cleaning effect is 

enhanced. 

The action obtained from the pretreatment using 
the oxidizing solution, and by the developing solution 
including the oxidizing solution in the fifth 
10 embodiment will be described hereinafter. 

(1) Action of Oxidizing Solution in Pretreatment 
Step: Oxidization/Property Modification of Resist 
Surface 

During the development, a strong affinity exists 
15 between the molecules on the exposed portion surface of 

the photosensitive resist and the alkali ions in the 
developing solution. On the other hand, when the 
molecules of the unexposed portion surface of the 
photosensitive resist and the alkali ions in the 
20 developing solution approach each other, free energy 

becomes high, and a repulsive force operates. 
Therefore, in the region in which the area ratio of the 
exposed portion to the unexposed portion on the resist 
film to be treated differs, the affinity received from 
25 the resist surface by alkali ions largely differs. As 

a result, the amount of the alkali ions reaching the 
resist surface changes with the area ratio of the 
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exposed portion to the unexposed portion, and the 
progress of the development also changes. That is, the 
developing speed differs with place on the resist 
surface to be treated. Therefore, the uniformity of 
the resist pattern size after the development in the 
plane is deteriorated. When the ozone molecules in the 
ozonated water for use in the pretreatment contact the 
resist surface, the resist surface is known to be 
oxidized. Since the resist surface of the exposed/ 
unexposed portion is oxidized by the ozone molecules, 
carboxylic acid is generated. Carboxylic acid has a 
relatively strong affinity for alkali ions. Therefore, 
the difference in the affinity between the exposed 
portion and the unexposed portion is alleviated. As a 
result, the difference of the developing speed locally 
generated during the development is reduced, and the 
uniformity within the plane after the development is 
enhanced. 

Moreover, there is a problem in the developing 
step that the defect is generated by the resist 
reaction product adhering to the resist surface. This 
is because the affinity by intermolecular interaction 
works between the resist surface and the particle 
surface of the cohering reaction products. The ozone 
molecules can oxidize the resist surface, generate 
carboxylic acid, and change the affinity using the 
intermolecular interaction in the resist surface and 
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the surface of the reaction product particle. The 
reaction product particles possibly forming the defect 
after the development is inhibited from adhering to the 
resist surface. Therefore, when the pret reatment is 
performed with the ozonated water using the oxidizing 
properties, the organic matter defect adhering to the 
resist pattern after the development can largely be' 
inhibited from being generated in the developing step. 

(2-1) First Action of Developing Solution 
including Oxidizing Solution: Oxidation/Decomposition 
of Reaction Product 

For the exposed, and heat-treated positive 
photosensitive resist, during the development, the 
exposed portion is dissolved, and the unexposed portion 
is hardly dissolved. In the developing step, when the 
exposed portion of the photosensitive resist contacts 
the developing solution, the dissolution starts and 
simultaneously the reaction product by neutralization 
is generated. The reaction product is diffused in the 
solution, but a part of the product is weakly bonded to 
the resist resin and remains between the resist 
patterns without being diffused. The reaction product 
remaining between the patterns coheres, and forms an 
organic particle. In the region in which the exposed 
portion has a large area and the pattern size is fine, 
many organic particles exist, and the concentration of 
alkali ions in the developing solution is lowered in 
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the vicinity of the particles. As a result, the 
developing speed of the resist pattern locally slows in 
the vicinity of the particles, and the uniformity of 
the size of the resist pattern after the development is 
deteriorated- Moreover, when these organic particles 
adhere to the resist surface and cohere, the particles 
possibly remain as defects on the resist pattern after 
the development. 

When the developing solution is mixed with the 
oxidizing solution on the substrate, the ozone 
molecules turn into oxygen molecules. During, the 
development, the oxygen molecules in the developing 
solution collide with the reaction products caused by 
the development. It is further considered that the 
reaction products are oxidized, and decomposed, with 
a certain probability. A molecular mass of the 
decomposed reaction becomes low. Therefore, the 
decomposed reactions have a mass sufficiently reduced, 
and are therefore easily diffused in the solution. 
When the oxygen molecules having a sufficient 
concentration exist in the developing solution, the 
reaction products are oxidized and decomposed with an 
enhanced ratio, the diffusion of the reaction products 
into the developing solution is promoted, and the 
amount of organic particles piled up between the resist 
patterns or in the vicinity of the resist surface is 
reduced. Moreover, it can also be expected that the 
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alkali ions in the developing solution are easily 
diffused in the reaction surface. When this effect is 
strong, the solution does not have to be agitated in 
the developing step. Needless to say, the diffusion is 
5 promoted by the agitating. As a result, the local drop 

in the alkali ion concentration of the developing 
solution is inhibited, and the developing speed 
unevenness in the substrate surface can be inhibited 
from being generated. Moreover, the organic particles 

10 are oxidized/decomposed, and diffused in the solution. 

Therefore, the probability at which the organic matter 
adhesion defect remaining on the resist pattern after 
the development is generated can remarkably be reduced. 
(2-2) Second Action of Developing Solution 

15 including Oxidizing Solution: Dissolution Contrast 

Increase with Concentration Drop of Developing Solution 

When the developing solution is supplied onto the 
substrate, the oxidizing solution is supplied, and the 
solutions are agitated, the following action is 

20 obtained. Since the developing solution having a high 

concentration is first supplied, a large part of an 
exposed region is developed. However, in this case, a 
large amount of alkali is consumed, and the difference 
of the alkali concentration with the place is 

25 generated. As a result, the developing speed changes 

with the place, and a size dispersion is generated. 
Thereafter, even when the alkali concentration is 
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restored by the agitating, the concentration entirely 
increases. Therefore, the development is further 
promoted regardless of- a place where the development 
progresses or does not progress before the agitating. 
As a result, the development progresses while the first 
size difference is left. 

However, after supplying the developing solution, 
the oxidizing solution is supplied and agitated, so 
that the alkali concentration entirely drops and the 
concentration is uniformed in the state. Therefore, 
where the development progresses up to a weak optical 
image, the development is not promoted. Conversely, 
where the development progresses only to a relatively 
strong optical image, the development progresses. A 
dissolution contrast increases in this manner. As a 
result, the first size dispersion resulting from the 
concentration dispersion is largely reduced. 

(2-3) Third Action of Developing Solution 
including Oxidizing Solution: Inhibition of Cohesion of 
Reaction Products 

During the development, the generated reaction 
products cohere in the developing solution, and the 
size gradually increases. In the first action of the 
developing solution including the oxidizing solution, 
it has been described that the generated reaction 
products are oxidized and decomposed by oxygen in the 
developing solution. However, the amount of eluted 
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reaction products, and further the number of molecules 
included in each reaction product is large as compared 
with the number of oxygen molecules in the solution . 
Therefore, it is impossible to oxidize and decompose 
all the products. The reaction products remaining 
without being decomposed can be the core of cohesion in 
the solution. When there are molecules as the core of 
cohesion in the solution, the reaction products in the 
solution start cohering centering to on the core. This 
cohesion is caused because the affinity of the reaction 
products is relatively strong under this environment, 
that is, particularly in the developing solution. That 
is, the molecules constituting the surface of the 
reaction product do not directly exert an interaction 
on the surface molecules of another reaction product 
present in the periphery. The molecules indirectly 
attract one another via the ions and molecules in the 
developing solution in order to further stabilize the 
state. Since the developing solution contains oxygen 
molecules, the energy in the interface of the reaction 
product and developing solution can be lowered. 
Therefore, the affinity acting on the reaction products 
apparently changes in the weakening direction. Even 
when the molecules as the prospective core of cohesion 
exist in the solution, the probability of the cohesion 
starting actually from the core is sufficiently low as 
compared with when oxygen is not contained in the 
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solution. Therefore, in the developing solution 
containing oxygen, the generation probability of the 
cohesion by the reaction products is reduced. 
Moreover, even for the reaction products starting 
cohering, since the affinity causing the to cohesion 
weakened, the growth speed slows. Therefore, the 
cohesion of the reaction products is inhibited. 

Moreover, the difference of the affinity for the 
developing solution of the exposed portion/the 
unexposed portion is alleviated, and further the 
diffusion of the reaction products into the solution 
promoted. From this action, in the agitating step 
during the development, even when a slight oscillatin 
force is applied, a agitating can be efficiently 
performed. 

(3) Action of Cleaning by Reducing Solution: 
Prevention of Reaction Product from re-adhering to 
Resist Surface 

Even when the reaction products generated by the 
developing reaction are decomposed by the oxygen 
molecules in the developing solution, and diffused in 
the developing solution, the reaction products 
sometimes re-adhere to the resist due to the 
interaction between the reaction products and the 
resist surface, in the cleaning step. 

The use of the cleaning solution obtained by 
dissolving hydrogen molecules in pure water has the 



effect that the hydrogen molecules improve the reaction 
products or the surface state of the resist. This can 
weaken the degree of intermolecular interaction between 
the reaction products and the resist surface. That is, 
the amount of reaction products re-adhering to the 
resist surface is decreased, and the amount of defects 
causing the re-adhesion of reaction products to the 
resist surface is largely inhibited. 

The results of the experiment actually performed 
by the inventor, et al. in order to check the effects 
of the pretreatment by the oxidizing solution and the 
use of the developing solution including the oxidizing 
solution will be described hereinafter. 

The experiment was carried out according to the 
above-described procedure. To confirm the effect of 
the present invention, five samples were prepared while 
changing the steps S502, S504, S505, S506, and 3a and 
defect number were measured. The results of the 
experiment are shown in Table 5. The pattern formed in 
each sample is a 130 nm isolated/remaining pattern. 
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Process 


\j zona tea 

water 

pre- 

t r eatment 

(step 

S502) 


Ozonated 

water 

supply 

(step 

S504) 


Stir 

(step 

S505) 


Clean 
(step 
S506) 


3a 
[nm] 


Defect 
Number 


Sample 
1 


None 


None 


None 


Pure 

water 

clean 


9.2 


245 


Sample 
2 


Present 


None 


None 


Pure 

water 

clean 


8.5 


130 


Sample 
3 


None 


Present 


Pres- 
ent 


Pure 

water 

clean 


7.5 


50 


Sample 
4 


Present 


Present 


Pres- 
ent 


Pure 

water 

clean 


4.1 


25 


Sample 
5 


Present 


Present 


Pres- 
ent 


Hydro- 
gen 
water 
clean 


4.2 


14 



In Sample 1 obtained by simply forming and 
cleaning the developing solution film, the value of 3a 
indicating the uniformity was 9.2 nm. On the other 
hand, with "Sample 2" obtained by the ozonated water 
pretreatment, the value of 3a was enhanced to 8.5 nm. 
Furthermore, with "Sample 3" obtained by supplying and 
agitating the ozonated water during the development , 
the value of 3a was enhanced to 7.5 nm. With 
"Sample 4" obtained by the ozonated water pretreatment 
and the supplying and agitating of the ozonated water 
during the development, the value of 3a was 4.1 nm. 
Moreover, for "Sample 5" obtained by the ozonated water 



pretreatment , the supplying and agitating of the 
ozonated water during the development, and the cleaning, 
with the dissolved hydrogen water, the value of 3a was 
4 . 2 nm . 

Moreover, after the development, the organic 
matter adhesion defect number for the whole substrate 
surfaces of these samples were measured. In Sample 1, 
245 defects were measured. In Sample 2, 130 defects 
were measured. In sample 3, 50 defects were measured. 
In Samples 4 and 5, 25 and 14 defects were measured, 
respectively. It has been found that the number of 
defects is reduced. 

(Sixth Embodiment) 

Since the constitutions of the developing unit and 
solution supply system for use in a sixth embodiment 
are similar to those of the fifth embodiment, the 
description thereof is omitted. 

The substrate is coated with the anti-reflection 
coating, and chemically amplified resist, and the 
desired pattern is reduced projection exposure via the 
reticle for exposure by a KrF excimer laser. After the 
substrate is heat-treated, the development is performed 
in a sequence shown in a flowchart of FIG. 13. 
Moreover, FIGS. 14A to 141 show diagrams for 
development process. FIG. 13 is a flowchart showing 
the developing method according to the sixth embodiment 
of the present invention. FIGS. 14A to 141 are 



diagrams showing the developing process according to 
the sixth embodiment of the present invention. 

The developing method of the sixth embodiment will 
be described in order with reference to the flowchart 
of FIG. 13 and diagrams of FIGS. 14A to 141. 

(Conveying and Holding of Substrate: Step S601) 

The substrate 100 is conveyed into the developing 
unit, and held onto the fixed base 101 (FIG. 14A) . 

(Dissolved hydrogen water Treatment ( Pretreatment ) 
Step: Step S602) 

Subsequently, the cleaning solution supply nozzle 
121 discharges- the dissolved hydrogen water as the 
reducing solution to form the solution film bf 
dissolved hydrogen water 661 on the substrate 100 
(FIG. 14B) . The dissolved hydrogen water 661 is 
generated by passing pure water through the reducing 
gas dissolved film 552 in which hydrogen generated 
by the reducing gas generator 551 is introduced. 
Thereafter, the substrate 100 is rotated, the dissolved 
hydrogen water 661 is thrown off, and the substrate 100 
surface is dried (FIG. 14C) . 

(Developing Solution Film Forming Step: Step S603) 

Subsequently, the developing solution supply 
nozzle 511 is scanned from one end to the other end of 
the substrate 100, the developing solution is 
discharged in a curtain form, and a developing solution 
film 662 is formed on the substrate 100 (FIG. 14D) . 
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(Dissolved hydrogen water Supply Step: Step S604) 
Subsequently, the solution supply nozzle 512 is 
scanned from one end to the other end of the substrate, 
the dissolved hydrogen water as the reducing solution 
is discharged in a curtain form, and a dissolved 
hydrogen water film 663 is formed on the developing 
solution film 662 (FIG. 14E) . 

(agitating Step: Step S605) 

After the current plate 104 on the substrate is 
moved downwards, the current plate 104 is rotated to 
form an air current on the substrate 100 surface, the 
developing solution film and dissolved hydrogen water 
film 663 are agitated by the air current, and a mixed 
solution 664 is formed (FIG. 14F) . By this agitating, 
the developing solution film 662 and dissolved hydrogen 
water film 663 formed on the substrate 100 are 
sufficiently mixed, and the concentration unevenness of 
the developing solution caused by the reaction products 
in the developing solution 662 is removed. 

(Cleaning Step: Step S606) 

After the elapse of time for obtaining the desired 
pattern, the substrate 100 is rotated and the cleaning 
solution supply nozzle 121 discharges the dissolved 
hydrogen water as the reducing solution onto the 
substrate 100 (FIG. 14G) . The dissolved hydrogen water 
washes away the developing solution, reaction products, 
and the like, and the development is stopped. 



(Drying Step: Step S607) 

After the cleaning, the rotation mechanism 102 
rotates the substrate 100 at a high speed ( FIG, 14H) , 
and the substrate 100 surface is dried (FIG. 141), 

(Convey out Substrate: Step S608) 

As described above , the developing steps end, and 
the substrate 100 is recovered. 

Additionally, the forming method of the developing 
solution film or the dissolved hydrogen water film is 
not limited to the method of scanning the linear 
developing solution supply nozzle from one end to the 
other end of the substrate. Examples of other methods 
are relatively rotating the linear nozzle with respect 
to the substrate on the substrate and discharging the 
solution to form the solution film, spraying the 
solution uniformly onto the whole surface of the 
substrate via the spray nozzle to form the solution 
film, and the like. The method is not limited as long 
as the solution film can be uniformly formed on the 
substrate. Moreover, the agitating method of the 
formed solution film comprises: rotating the current 
plate on the substrate to generate the air current. 
However, other methods way involve rotating the 
substrate, vibrating the solution from the outside, and 
the like. Any method may be used as long as the action 
of fluidizing the developing solution on the whole 
substrate surface is brought about. 



In the pretreatment step and solution supply step, 
the dissolved hydrogen water obtained by passing 
hydrogen gaseous molecules through the dissolved film 
and dissolving the molecules in the pure water is used 
as the reducing solution. However, as long as a 
similar effect is produced, the gaseous molecules to be 
dissolved are not limited to hydrogen, and the reducing 
gases such as H2S, HNO3, and H2SO3 may be used. 
Moreover, as described in the first embodiment, the 
oxidizing solutions such as ozonated water may be used 
as the solution of the pretreatment step. 

Moreover, in the cleaning step> the ozonated water 
obtained by introducing the ozone gaseous molecules in 
the dissolved film and dissolving the molecules in the 
pure water is used as the oxidizing solution. However, 
as long as a similar effect is produced, the gaseous 
molecules to be dissolved are not limited to ozone, and 
the oxidizing gases such as oxygen, carbon monoxide, 
and hydrogen peroxide may be used. 

Furthermore, as the reducing solution in the 
cleaning step, the dissolved hydrogen water obtained by 
introducing the hydrogen gaseous molecules in the 
dissolved film and dissolving the molecules in pure 
water is used. However, when a similar effect is 
produced, the gaseous molecules to be dissolved are not 
limited to hydrogen. The reducing gases such as H2S, 
HNO3, and H2SO3 may be used. Moreover, after supplying 
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the reducing solution, pure water may be supplied to 
clean the substrate. As the cleaning solution, the 
combination of the reducing solution, oxidizing 
solution, and pure water can appropriately be selected, 
5 if the cleaning effect is enhanced. 

The actions of the pretreatment by the reducing 
solution, and the cleaning by the developing solution 
including the reducing solution and the oxidizing 
solution in the sixth embodiment will be described 
10 next. 

(1) Action of Reducing Solution in Pretreatment 
Step: Property Modification of Resist Surface 

For the exposed and heat-treated positive 
photosensitive resist film, during the development, the 

15 affinity between the molecules of the exposed portion 

surface of the resist and the alkali ions in the 
developing solution is different in strength from the 
affinity between the molecules of the unexposed portion 
surface of the resist and the alkali ions in the 

20 developing solution. Therefore, in the region in which 

the area ratio of the exposed portion to the unexposed 
portion on the resist film to be treated differs, the 
affinity received from the resist surface by the alkali 
ions largely differs. As a result, the amount of 

25 alkali ions flowing into the resist surface changes 

with the area ratio of the exposed portion to the 
unexposed portion, and the progress speed of the 
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development also changes. That is, the developing 
speed differs with the place on the resist surface to 
be treated. Therefore, the uniformity of the resist 
pattern size after the development is deteriorated. 

The hydrogen molecules have an action of reducing 
the resist surface upon contacting the resist surface. 
Therefore, the difference of the affinity of the 
exposed portion surface and unexposed portion surface 
for the developing solution is alleviated. Thereby, 
the difference of the developing speed locally 
generated during the development is reduced, and the 
size uniformity after the development is enhanced. 

(2-1) First Action of Developing Solution 
containing Reducing Solution: Promotion of Diffusion 
of Reaction Products into Developing Solution 

For the positive resist, in the developing step, 
the exposed portion is dissolved in the developing 
solution, whereas the unexposed portion has a property 
of being hardly dissolved. This is because for the 
exposed portion of the photosensitive resist, the 
reaction products generated by the neutralization with 
the developing solution are dissolved in the developing 
solution. However, when the area ratio of the exposed 
portion to the unexposed portion on the resist to be 
treated differs, the generated amount of the reaction 
products largely differs. For example, with the 
isolated pattern, since the broad exposed portion 



exists in the periphery, the amount of reaction 
products is remarkably large as compared with the L/S 
pattern. Since the reaction products easily remain 
between the patterns, and are not easily diffused in 
the developing solution, the alkali concentration of 
the developing solution around the isolated pattern is 
low as compared with the alkali concentration of the 
L/S pattern. Therefore, a time necessary for forming 
the desired pattern size differs with the pattern. 
That is, since the time required for the development 
differs with the difference of the pattern, the 
sparse/dense size difference of the resist pattern size 
after the development disadvantageously increases. For 
the sparse/dense difference, it is difficult to 
completely remove the reaction products only by 
agitating the products in the course of the development 
and improve the size difference. 

When the hydrogen molecules contained in the 
developing solution are reduced/reacted with the 
reaction products generated by the neutralization, the 
surface potential of the reaction products changes. 
Thereby, the repulsive force is generated among the 
reaction products and the products are prevented from 
cohering to one another, so that the reaction products 
are easily diffused in the developing solution, and the 
development progresses. That is, when the surface 
potential of the reaction products is changed by the 
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hydrogen molecules, the sparse/dense size difference 
generated by the alkali concentration difference of the 
developing solution can largely be reduced. Of course, 
it is needless to say that the diffusion of the 
5 reaction products is promoted by adding the agitating. 

(2-2) Second Action of Developing Solution 
including Reducing Solution: Dissolution Contrast 
Increase with Concentration Drop of Developing Solution 
When the developing solution is supplied onto the 

10 substrate, and the reducing solution is supplied and 

agitated, the following action is obtained. Since the 
developing solution having a high concentration is 
first supplied, a large part of the exposed region is 
developed. However, in this case, a large amount of 

15 alkali is consumed, and the difference of the alkali 

concentration with the place is generated. As a 
result, the developing speed changes with the place, 
and a size dispersion is generated. Thereafter, even 
when the alkali concentration is restored by the 

20 agitating, the concentration entirely increases. 

Therefore, the development is further promoted 
regardless of the place where the development 
progresses or does not progress before the agitating. 
As a result, the development progresses while the first 

25 size difference is left. However, after supplying the 

developing solution, the reducing solution is supplied 
and agitated, so that the alkali concentration entirely 



drops and the concentration is uniformed in the state. 
Therefore, where the development progresses up to the 
weak optical image, the development is not promoted. 
Conversely, where the development progresses only to 
the relatively strong optical image, the development 
progresses. The dissolution contrast increases in this 
manner. As a result, the first size dispersion 
resulting from the concentration dispersion is largely 
reduced. 

(2-3) Third Action of Developing Solution 
including Reducing Solution: Alleviation of Cohesion 
of Reaction Products 

Even when the reaction products generated by the 
developing reaction are once diffused in the developing 
solution, the reaction products later possibly cohere 
by the interaction acting among the reaction products 
in the solution. Therefore, the problem is that the 
cohering reaction products again adhere onto the resist 
and form the defects. 

When the hydrogen molecules are contained in the 
developing solution, the hydrogen molecules have an 
effect of modifying the reaction products, or the 
surface state of the resist. Thereby, the degree of 
the intermolecular interaction between the reaction 
products can be weakened, and the hydrogen molecules in 
the developing solution can inhibit the reaction 
products from cohering. That is, the amount of 
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reaction products again adhering to the resist surface 
is decreased, and the amount of defects caused by re- 
adhesion of the cohering reaction products to the 
resist surface is largely suppressed. 
5 (3) Action of Cleaning by Oxidizing Solution: 

Oxidation/Decomposition of Adhering Organic Particles 

For the exposed, and heat-treated positive 
photosensitive resist, during the development, the 
exposed portion is dissolved, and the unexposed portion 

10 is hardly dissolved. In the developing step, when the 

exposed portion of the photosensitive resist contacts 
the developing solution, the dissolution starts and 
simultaneously the reaction product by neutralization 
is generated. The reaction product is diffused in the 

15 solution, but a part of the product is weakly bonded to 

the resist resin and remains between the resist 
patterns without being diffused. The reaction product 
remaining between the patterns coheres, and forms 
organic particles. When these organic particles adhere 

20 to the resist surface and cohere, the particles 

possibly remain as defects on the resist pattern after 
the development. 

When the oxidizing solution is used as the 
cleaning solution, the organic particles are 

25 oxidized/decomposed, and diffused in the solution. 

Therefore, the probability of generation of the organic 
matter adhesion defects remaining on the resist pattern 
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after the development can remarkably be reduced. 

Action of Cleaning by Reducing Solution: 
Prevention of Reaction Product from re-adhering to 
Resist Surface 

Even when the reaction products generated by the 
developing reaction are decomposed by the oxygen 
molecules in the developing solution, and diffused in 
the developing solution, the reaction products 
sometimes re-adhere to the resist as the defects, due 
to the interaction between the reaction products and 
the resist surface in the cleaning step. 

The use of the cleaning solution obtained by 
dissolving hydrogen molecules in pure water has an 
effect that the hydrogen molecules improve the reaction 
products or the surface state of the resist. This can 
weaken the degree of the intermolecular interaction 
between the reaction products and the resist surface. 
That is, the amount of reaction products re-adhering to 
the resist surface is decreased, and the amount of 
defects causing the re-adhesion of the reaction 
products to the resist surface is largely inhibited. 

The results of the experiment actually performed 
by the inventor, et al. in order to check the effects 
of the pretreatment by the reducing solution, the 
development using the developing solution including the 
reducing solution, and the cleaning by the oxidizing 
solution will next be described. 
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The experiment was carried out according to the 
above-described procedure. To confirm the effect of 
the present invention, five samples were prepared while 
changing the steps S602, S604, S605, S606, and 3a and 
the defect number was measured. The results of the 
experiment are shown in Table 6. The pattern formed in 
each sample is a 130 nm isolated pattern. 
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In Sample 6 obtained by forming and cleaning the 
developing solution film, the value of 3<y indicating 
the uniformity was 9.2 nm. The value of 3a of Sample* 7 
obtained by the dissolved hydrogen water treatment was 
8.4 nm. The value of 3ct of Sample 8 obtained by 
supplying and agitating the dissolved hydrogen water 
during the development was 6.5 nm. The values of 3cr of 
Samples 9, 10 obtained by performing the dissolved 
hydrogen water pretreatment, and supplying and 
agitating the dissolved hydrogen water during the 
development are 4 . 1 nm and 4.0 nm, respectively, and 
are enhanced as compared with Samples 6 to 8. 

Moreover, after the development, the organic 
matter adhesion defect numbers on the whole substrate 
surfaces of these samples were measured. In Sample 6, 
245 defects were measured. In Samples 7 and 8, 150 and 
45 defects were measured, respectively, and the number 
of defects was reduced as compared with Sample 6. 
Furthermore, in Samples 9 and 10, 40 and 10 defects 
were measured, respectively. It has been found that 
the number of defects was further reduced. 

(Seventh Embodiment) 

FIG. 15 is a flowchart showing the treatment 
procedure of the developing method according to a 
seventh embodiment of the present invention. Moreover, 
FIGS. 16A to 16E are diagrams showing the developing 
method according to the seventh embodiment of the 
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present invention . 

(Conveying and Holding of Substrate: Step S701) 
After using the KrF excimer laser to reduced 
projection exposure the desired pattern v±a the reticle 
for exposure on the anti-reflection coating and 
chemically amplified resist with which the surface is 
coated, a heat-treated (PEB) substrate 70 0 is conveyed 
into the developing, unit by a conveyance robot (not 
sho'wn) , and held onto a fixed base 701 by suction 
(FIG. 16A) . 

(Developing Solution Film Forming Step: Step S702) 
Subsequently, as shown in FIGS. 16B, 16C, a linear 
developing solution supply nozzle 711 is scanned from 
one end to the other end of the substrate 700, the 
developing solution is discharged in a curtain form via 
a supply port of the developing solution - supply nozzle 
711/ and a developing solution film 762 ±s formed on 
the substrate 700. Additionally, FIG . 16B is a plane 
view, and FIG. 16C is a sectional view of FIG. 16B. 
For the developing solution supply nozzle 711 of the 
seventh embodiment, a supply amount distribution of a 
direction (depth direction of the drawing surface) 
vertical to the scanning direction is kept constant . 

Here, a relation between a developing solution 
film thickness formed on the substrate according to the 
seventh embodiment of the present invention and a 
developing solution supply nozzle 711-substrate 700 gap 
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will be described with reference to FIGS. 17A to 17C. 

First, to form the solution film, when the gap 
between the developing solution supply nozzle 711 and 
the substrate 700 is large as compared with the formed 
solution film thickness (d « H) , as shown in FIG . 17A, 
the developing solution discharged from the developing 
solution supply nozzle 711 is pulled upwards by the 
developing solution supply nozzle 711. Therefore, the 
film thickness of a developing solution 731 during the 
solution supply is thick as compared with the thickness 
in a steady state, and a vertical interval is made. 
Therefore, during the stop of the supply of the 
developing solution in the terminal end of the 
substrate 700, a flow of the developing solution is 
generated from counteraction in a direction in which 
the film thickness of the developing solution film 7 31 
is thin. This flow of the developing solution possibly 
generates a dispersion of a pattern size after the 
development . 

On the other hand, when the gap between the nozzle 
and the substrate is extremely small as compared with 
the formed developing solution film thickness (d » H) , 
as shown in FIG. 17B, the developing solution 
discharged from the developing solution supply nozzle 
711 is pushed out of the developing solution supply 
nozzle 711. The thickness of the developing solution 
film 731 during the supply of the developing solution 



is small as compared with the steady state, and the 
vertical interval is made. Therefore, during the stop 
of the supply of the developing solution in the 
terminal end of the substrate 700, the flow of the 
developing solution is generated in the direction in 
which the solution film thickness is thin. The size 
dispersion by the flow of the developing solution is 
possibly generated depending on the vertical interval 
between the developing solution supply nozzle 711 - 
substrate 700 gap and the film thickness of the 
developing solution film 731. 

Therefore, in order to remove a size fluctuation 
with the solution flow generated by the developing 
solution supply nozzle 711 - substrate 700 gap and the 
film thickness of the developing solution film 731, as 
shown in FIG. 17C, the developing solution supply 
nozzle 711 - substrate 700 gap is set to be 
substantially the same as the film thickness of the 
developing solution film 731, and the developing 
solution is supplied. Thereby, the developing solution 
supply nozzle 711 is scanned, and the developing 
solution is supplied, so that the generated flow of the 
solution can be removed. That is, the flow of the 
developing solution by scanning the developing solution 
supply nozzle 711 is inhibited, and it is possible to 
largely reduce the size dispersion in the plane 
depending on the scanning direction or the size 
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dispersion in the chip. 

When the developing solution supply nozzle 711 
supplies the developing solution, and the developing 
solution supply nozzle 711 is scanned from one end to 
5 the other end of the substrate 700 to form the 

developing solution film, the thickness of the 
developing solution film 762 is determined by the 
relative speed of the scanning speed of the developing 
solution supply nozzle 711 and the supply speed of the 
10 developing solution from the developing solution supply 

nozzle 711. 

Concretely, when the length of the supply port of 
the developing solution supply nozzle 711 is defined as 
L (mm) , the nozzle scanning speed is V (mm/sec) , the 
15 developing solution, supply speed is Q (|j.l/sec), the 

formed solution film thickness is d (mm) , and the gap 
is H (mm) , at least one of the nozzle scanning speed 
V (mm/sec) , the developing solution supply speed 
Q (|il/sec), and the gap H (mm) is controlled. 
20 d * H ... (1) 

d = Q/ (VxL) ... (2) 

(Step S703: Cleaning Step) 

After the elapse of a predetermined time after the 
solution film is formed, as shown in FIG. 16D, a rinse 
25 nozzle 721 disposed above the substrate 700 supplies a 

rinse solution (e.g., pure water) 732, a rotation 
mechanism 702 rotates the substrate 700, and the 
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substrate 700 is cleaned. 

(Step S704: Drying Step) 

Furthermore, as shown in FIG. 16E, the substrate 
7 00 is rotated at high speed, the rinse solution is 
thrown off f and the substrate 700 is dried. 

(Step S705: Convey out Substrate) 

Subsequently, the completely dried substrate 70 0 
is conveyed out of the developing unit by a conveyance 
robot (not shown) . 

The present embodiment will next be described 
based on actual experiment results. FIG. 18 shows the 
size uniformity of an isolated line in the chip of a 
time at which the gap between the developing solution 
supply nozzle 711 and the substrate 700 is changed. On 
the experiment conditions that the scanning speed V of 
the developing solution supply nozzle 711 = 50 mm/sec, 
the developing solution supply speed Q = 20 ml/sec, and 
the length L of the supply port of the developing 
solution supply nozzle 711 L = 200 mm, the film 
thickness of the formed developing solution film is 
d = 2.0 mm from equation (2) . However, when the 
substantially equal gap is given to the film thickness, 
the flow of the solution is removed. It is seen that 
the size uniformity in the substrate plane is enhanced. 

Additionally, in the above-described embodiment, 
the solution film forming step of the developing 
solution has been described. However, the technique of 
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the present embodiment can be used in forming the films 
of the developing solutions including a developing 
solution containing a reflection preventive material, a 
solution containing a photosensitive material, a 
solution containing a low dielectric material, a 
solution containing a ferroelectric material, a 
solution containing an electrode material, a solution 
containing a pattern transfer material, a solution 
containing a magnetic material for use in a donut- 
shaped storage medium, and a solution containing a 
light absorption reaction material for use in the 
donut-shaped storage medium. 
(Eighth Embodiment) 

A method of forming a uniform solution film will 
be described in. an eighth embodiment. In the eighth 
embodiment, further control is added to the control 
described in the seventh embodiment. 

Since the forming method of the developing 
solution is similar to that of the seventh embodiment, 
the description thereof is omitted. Only the control 
in the supply step of the developing solution will be 
described. 

Similarly as the seventh embodiment, when the 
developing solution supply nozzle 711 supplies the 
developing solution, and the developing solution supply 
nozzle 711 is scanned from one end to the other end of 
the substrate 700 to form the developing solution film, 
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the film thickness of the developing solution film is 
determined by a ratio of the scanning speed of the 
developing solution supply nozzle 711 to the supply 
speed of the developing solution from the developing 
solution supply nozzle 711. Concretely, when the 
length of the supply port of the developing solution 
supply nozzle 711 is defined as L (mm) , the nozzle 
scanning speed is V (mm/sec) , the developing solution 
supply speed is Q (jil/sec) , the formed solution film 
thickness is d (mm) , and the gap is H (mm) , the formed 
solution film thickness d (mm) is approximately 
represented by the following equations. 



Here, a method of controlling the nozzle scanning 
speed V (mm/sec) and the developing solution supply- 
speed Q (jil/sec) will be described. 

With the substrate 700 of a circular wafer, even 
when the developing solution film is formed via the 
developing solution supply nozzle 711 with the same 
developing solution supply speed and the same supply 
amount, the substantial supply amount of the developing 
solution differs with the place of the substrate 
because of the circular shape of the substrate. For 
example, as shown in FIG. 19A, when the developing 
solution supply nozzle 711 passes to the middle of the 
substrate 700 from the supply start end, the length 



d + H 



(1) 



d = Q/(VxL) 



(2) 
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(hereinafter referred to as the developing solution * 
supply length) of the substrate 700 of the portion with 
the developing solution supplied onto the substrate 
from the developing solution supply nozzle 711 
gradually increases. Therefore, as shown in FIG. 19B, 
force of a developing solution 831 flowing toward the 
outside of the circumference of the reaction product 
acts from the developing solution supply nozzle 711 due 
to the interaction of the developing solution 831 and 
substrate 700, and the film thickness of a formed 
developing solution film 832 becomes thin. 

Moreover, as shown in FIG. 20A, while the 
developing solution supply nozzle 711 passes to the 
developing solution supply start end from the middle of 
the substrate 700, the developing solution supply 
length gradually decreases with the scanning of the 
developing solution supply nozzle 711. Therefore, as 
shown in FIG. 20B, a force is exerted such that the 
developing solution 831 supplied to the outside of the 
circumference of the substrate 700 from the developing 
solution supply nozzle 711 is attracted into the plane 
of the substrate 700. The film thickness of the formed 
developing solution film is increased. Thereby, during 
the stop of the supply of the developing solution in 
the terminal end of the substrate 700, the flow of the 
developing solution is generated toward the small 
solution film thickness. The size dispersion dependent 
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on the flow of the developing solution is generated in 
the developing solution film 832 within the substrate 
plane. 

In order to remove this difference in solution 
film thickness generated by the interaction of the 
developing solution and substrate, the developing 
solution supply speed Q (^il/sec) , or the nozzle 
scanning speed V (mm/sec) is corrected, for example , 
with the following approximate equations (3) , (4) . 

Q = Q 0 {l+ax(dl/l) } ... (3) 

V = V 0 {1-a'x (dl/1) } ... (4) 

Here, the developing solution supply speed 
Qq (^il/sec) in the wafer middle, the nozzle scanning 
speed Vq (mm/sec) , and the gap H (mm) are set to 
satisfy the equations (1) and (2), and the developing 
solution supply speed Q (|al/sec) or the nozzle scanning 
speed V (mm/sec) is controlled in accordance with the 
position of the nozzle on the substrate. Concretely , 
the length of the supply port of the developing 
solution supply nozzle 711 is L (mm), a wafer radius is 
r (mm), the nozzle scanning speed is V (mm/sec), the 
formed solution film thickness is d (mm) , and a 
scanning nozzle position from the wafer middle is 
x (mm) (-r < x < r) . A change amount of the length 
1 (mm) of the substrate of the portion with the 
developing solution supplied thereto during movement of 
the nozzle on the substrate by a unit distance (dx) is 



(dl/1), and a and a' are control factors of the 
developing solution supply speed and nozzle scanning 
speed. 

When the developing solution supply speed 
Q (jal/sec) and the nozzle scanning speed V (mm/sec) are 
approximately corrected by the equations (3) and (4) in 
this manner, the solution film thickness d can be kept 
to be substantially constant. 

Concretely, as shown in FIG. 21, the developing 
solution supply speed Q (jil/sec) is controlled. This 
can eliminate the fluctuation of the developing 
solution film thickness generated by the developing 
solution supply method in which the nozzle is scanned 
from one end to the other end with a uniform developing 
solution supply speed. Accordingly, the flow of the 
solution can be inhibited. That is, when the flow of 
the developing solution is inhibited, the size 
uniformity in the substrate surface, and the size 
uniformity in the chip are enhanced. A similar effect 
can also be obtained when the nozzle scanning speed 
V (mm/sec) is controlled as shown in FIG. 22. 

The present embodiment will next be described 
based on actual experiment results (Table 7). 
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Average 
size 


In-plane 
uniformity 
( 3cr : nm) 


Supply amount 
control nozzle 


197.2 


5.9 


Conventional nozzle 


199.5 


8.7 



Assuming the nozzle scanning speed V =50 mm/sec, 
the developing solution supply speed Qq = 20 ml/sec in 
the wafer middle with the developing solution supply 
speed Q, and L = 200 mm, the developing solution supply 
speed was controlled to satisfy the relation of the 
equation (3) and the developing solution was supplied. 
As a result of the experiment, the developing solution 
supply speed is controlled in accordance with the 
scanning point of the nozzle, and the size uniformity 
in the wafer plane is enhanced. 

In addition, in the above-described embodiment, 
the solution film forming step of the developing 
solution has been described. However, the technique of 
the present embodiment can be used in forming the films 
of the solutions including the developing solution 
containing the reflection preventive material, the 
solution containing the photosensitive material, the 
solution containing the low dielectric material, the 
solution containing the ferroelectric material, the 
solution containing the electrode material, the 
solution containing the pattern transfer material, the 
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solution containing the magnetic material for use in 
the donut-shaped storage medium, and the solution 
containing the light absorption reaction material for 
use in the donut-shaped storage medium. 
5 Additional advantages and modifications will 

readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
10 modifications may be made without departing from the 

spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



